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APPENDIX A - 

INDUSTRIAL CATEGORIES WITH PRETREATMENT STANDARDS
   
{OST}
40 CFR 405 - Dairy Products Processing Point Source Category 

40 CFR 406 - Grain Mills Point Source Category 

40 CFR 407 - Canned and Preserved Fruits and Vegetables Processing Point Source Category 

40 CFR 408 - Canned and Preserved Seafood Processing Point Source Category 

40 CFR 409 - Sugar Processing Point Source Category 

40 CFR 410 - Textile Mills Point Source Category 

40 CFR 411 - Cement Manufacturing Point Source Category 

40 CFR 412 - Feedlots Point Source Category 

40 CFR 413 - Electroplating Point Source Category 

40 CFR 414 - Organic Chemicals, Plastics, and Synthetic Fibers 

40 CFR 415 - Inorganic Chemicals Manufacturing Point Source Category 

40 CFR 417 - Soap and Detergent Manufacturing Point Source Category 

40 CFR 418 - Fertilizer Manufacturing Point Source Category 

40 CFR 419 - Petroleum Refining Point Source Category 

40 CFR 420 - Iron and Steel Manufacturing Point Source Category 

40 CFR 421 - Nonferrous Metals Manufacturing Point Source Category 

40 CFR 422- Phosphate Manufacturing Point Source Category 

40 CFR 423 - Steam Electric Power Generating Point Source Category 

40 CFR 424 - Ferroalloy Manufacturing Point Source Category 

40 CFR 425 - Leather Tanning and Finishing Point Source Category 

40 CFR 426 - Glass Manufacturing Point Source Category 

40 CFR 427 - Asbestos Manufacturing Point Source Category 
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40 CFR 428 - Rubber Manufacturing Point Source Category 

40 CFR 429 - Timber Products Processing Point Source Category 

40 CFR 430 - The Pulp, Paper, and Paperboard Point Source Category 

40 CFR 432 - Meat Products Point Source Category 

40 CFR 433 - Metal Finishing Point Source Category 

40 CFR 434 - Coal Mining Point Source Category BPT, BAT, BCT Limitations and 
New Source Performance Standards 

40 CFR 435 - Oil and Gas Extraction Point Source Category 

40 CFR 436 - Mineral Mining and Processing Point Source Category 

40 CFR 437 - The centralized waste treatment point source category 

40 CFR 439 - Pharmaceutical Manufacturing Point Source Category 

40 CFR 440 - Ore Mining and Dressing Point Source Category 

40 CFR 442 - Transportation Equipment Cleaning Point Source Category 

40 CFR 443 - Effluent Limitations Guidelines for Existing Sources and 
Standards of Performance and Pretreatment Standards for New Sources 
for the Paving and Roofing Materials (Tars and Asphalt) Point Source Category 

40 CFR 445 - Landfills Point Source Category 

40 CFR 446 - Paint Formulating Point Source Category 

40 CFR 447 - Ink Formulating Point Source Category 

40 CFR 454 - Gum and Wood Chemicals Manufacturing Point Source Category 

40 CFR 455 - Pesticide Chemicals 

40 CFR 457 - Explosives Manufacturing Point Source Category 

40 CFR 458 - Carbon Black Manufacturing Point Source Category 

40 CFR 460 - Hospital Point Source Category 

40 CFR 461 - Battery Manufacturing Point Source Category 

40 CFR 463 - Plastics Molding and Forming Point Source Category 
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40 CFR 464 - Metal Molding and Casting Point Source Category 

40 CFR 465 - Coil Coating Point Source Category 

40 CFR 466 - Porcelain Enameling Point Source Category 

40 CFR 467 - Aluminum Forming Point Source Category 

40 CFR 468 - Copper Forming Point Source Category 

40 CFR 469 - Electrical and Electronic Components Point Source Category 

40 CFR 471 - Nonferrous Metals Forming and Metal Powders Point Source Category 

http://www.epa.gov/r5water/npdestek/npdcatst.htm
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APPENDIX B -
CLEAN WATER ACT PRIORITY POLLUTANTS AND THE FEDERAL

WATER QUALITY CRITERIA
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Appendix B - Parameters for Calculating Freshwater Dissolved Metals Criteria That Are Hardness-Dependent

Chemical mA bA mC bC

Freshwater Conversion Factors (CF)

Acute Chronic

Cadmium 1.128 -3.6867 0.7852 -2.715 1.136672-[ln
(hardness)(0.041838)]

1.101672-[ln
(hardness)(0.041838)]

Chromium III 0.8190 3.7256 0.8190 0.6848 0.316 0.860

Copper 0.9422 -1.700 0.8545 -1.702 0.960 0.960

Lead 1.273 -1.460 1.273 -4.705 1.46203-[ln
(hardness)(0.145712)]

1.46203-[ln
(hardness)(0.145712)]

Nickel 0.8460 2.255 0.8460 0.0584 0.998 0.997

Silver 1.72 -6.52 -- -- 0.85 --

Zinc 0.8473 0.884 0.8473 0.884 0.978 0.986

Appendix C - Calculation of Freshwater Ammonia Criterion

1. The one-hour average concentration of total ammonia nitrogen (in mg N/L) does not exceed, more than once every three years on the average, the CMC
calculated using the following equation:

CMC
0.275

1 10

39.0

1 107.204 pH pH 7.204
=

+
+

+− −

In situations where salmonids do not occur, the CMC may be calculated using the following equation:

CMC
0.411

1 10

58.4

1 107.204 pH pH 7.204
=

+
+

+− −

2. The thirty-day average concentration of total ammonia nitrogen (in mg N/L) does not exceed, more than once every three years on the average, the CCC
calculated using the following equation:

CCC
0.0858

1 10

3.70

1 107.688 pH pH 7.688
=

+
+

+− −

and the highest four-day average within the 30-day period does not exceed twice the CCC.

Source: U.S. EPA’s National Recommended Water Quality Criteria-Correction, EPA-822-Z-99-001, April 1999, pp.  7-25;
http://www.epa.gov/OST/standards/wqcriteria.html
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APPENDIX C -
HAZARDOUS WASTE CONSTITUENTS - RCRA APPENDIX VIII

Constituent     CAS No.
Hazardous
Waste No.

A2213 30558-43-1 U394
Acetonitrile 75-05-8 U003
Acetophenone 98-86-2 U004
2-Acetylaminefluarone 53-96-3 U005
Acetyl chloride 75-36-5 U006
1-Acetyl-2-thiourea 591-08-2 P002
Acrolein 107-02-8 P003
Acrylamide 79-06-1 U007
Acrylonitrile 107-13-1 U009
Aflatoxins 1402-68-2 -
Aldicarb 116-06-3 P070
Aldicarb sulfone 1646-88-4 P203
Aldrin 309-00-2 P004
Allyl alcohol 107-18-6 P005
Allyl chloride 107-18-6 -
Aluminum phosphide 20859-73-8 P006
4-Aminobiphenyl 92-67-1 -
5-(Aminomethyl)-3-isoxazolol 2763-96-4 P007
4-Aminopyridine 504-24-5 P008
Amitrole 61-82-5 U011
Ammonium vanadate 7803-55-6 P119
Aniline 62-53-3 U012
Antimony 7440-36-0 -
Antimony compounds, N.O.S. - -
Aramite 140-57-8 -
Arsenic 7440-38-2 -
Arsenic compounds, N.O.S. - -
Arsenic acid 7778-39-4 P010
Arsenic pentoxide 1303-28-2 P011
Arsenic trioxide 1327-53-3 P012
Auramine 492-80-8 U014
Azaserine 115-02-6 U015
Barban 101-27-9 U280
Barium 7440-39-3 -
Barium compounds, N.O.S. - -
Barium cyanide 542-62-1 P013
Bendiocarb 22781-23-3 U278
Bendiocarb phenol 22961-82-6 U364
Benomyl 17804-35-2 U271
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Constituent     CAS No.
Hazardous
Waste No.

C-2

Benz[c]acridine 225-51-4 U016
Benz[a]anthracene 56-55-3 U018

Benzal chloride 98-87-3 U017
Benzene 71-43-2 U019
Benzenearsonic acid 98-05-5 -
Benzidine 92-87-5 U021
Benzo[b]fluoranthene 205-99-2 -
Benzo[j]fluoranthene 205-82-3 -
Benzo(k)fluoranthene 207-08-9 -
Benzo[a]pyrene 50-32-8 U022
p-Benzoquinone 106-51-4 U197
Benzotrichloride 98-07-7 U023
Benzyl chloride 100-44-7 P028
Beryllium powder 7440-41-7 P015
Beryllium compounds, not otherwise specified
(NOS)

- -

Bis(pentamethylene)-thiuram tetrasulfide 120-54-7 -
Bromoacetone 598-31-2 P017
Bromoform 75-25-2 U225
4-Bromophenyl phenyl ether 101-55-3 U030
Brucine 357-57-3 P018
Butyl benzyl phthalate 85-68-7 -
Butylate 2008-41-5 -
Cacodylic acid 75-60-5 U136
Cadmium 7440-43-9 -
Cadmium compounds, NOS - -
Calcium chromate 13765-19-0 U032
Calcium cyanide 592-01-8 P021
Carbaryl 63-25-2 U279
Carbendazim 10605-21-7 U372
Carbofuran 1563-66-2 P127
Carbofuran phenol 1563-38-8 U367
Carbon disulfide 75-15-0 P022
Carbon oxyfluoride 353-50-4 U033
Carbon tetrachloride 56-23-5 U211
Carbosulfan 55285-14-8 P189
Chloral 75-87-6 U034
Chlorambucil 305-03-3 U035
Chlordane 57-74-9 U036
Chlordane (alpha and gamma isomers) - U036
Chlorinated benzenes, NOS - -
Chlorinated ethane, NOS - -
Chlorinated fluorocarbons, NOS - -
Chlorinated naphthalene, NOS - -
Chlorinated phenol, NOS - -
Chlornaphazin 494-03-1 U026
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Constituent     CAS No.
Hazardous
Waste No.

C-3

Chloroacetaldehyde 107-20-0 P023
Chloroalkyl ethers, NOS - -
p-Chloroaniline 106-47-8 P024

Chlorobenzene 108-90-7 U037
Chlorobenzilate 510-15-6 U038
p-Chloro-m-cresol 59-50-7 U039
2-Chloroethyl vinyl ether 110-75-8 U042
Chloroform 67-66-3 U044
Chloromethyl methyl ether 107-30-2 U046
beta-Chloronaphthalene 91-58-7 U047
o-Chlorophenol 95-57-8 U048
1-(o-Chlorophenyl)thiourea 5344-82-1 P026
Chloroprene 126-99-8 -
3-Chloropropionitrile 542-76-7 P027
Chromium 7440-47-3 -
Chromium compounds, NOS - -
Chrysene 218-01-9 U050
Citrus red No. 2 6358-53-8 -
Coal tar creosote 8007-45-2 -
Copper cyanide 544-92-3 P029
Copper dimethyldithiocarbamate 137-29-1 -
Creosote - U051
Cresol (Cresylic acid) 1319-77-3 U052
Crotonaldehyde 4170-30-3 U053
m-Cumenyl methylcarbamate 64-00-6 P202
Cyanides (soluble salts and complexes), NOS - P030
Cyanogen 460-19-5 P031
Cyanogen bromide 506-68-3 U246
Cyanogen chloride 506-77-4 P033
Cycasin 14901-08-7 -
Cycloate 1134-23-2 -
2-Cyclohexyl-4,6-dinitrophenol 131-89-5 P034
Cyclophosphamide 50-18-0 U058
2,4-D 94-75-7 U240
2,4-D, salts, esters - U240
Daunomycin 20830-81-3 U059
Dazomet 533-74-4 -
DDD 72-54-8 U060
DDE 72-55-9 -
DDT 50-29-3 U061
Diallate 2303-16-4 U062
Dibenz[a,h]acridine 226-36-8 -
Dibenz[a,j]acridine 224-42-0 -
Dibenz[a,h]anthracene 53-70-3 U063
7H-Dibenzo[c,g]carbazole 194-59-2 -
Dibenzo[a,e]pyrene 192-65-4 -
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Constituent     CAS No.
Hazardous
Waste No.

C-4

Dibenzo[a,h]pyrene 189-64-0 -
Dibenzo[a,i]pyrene 189-55-9 U064
1,2-Dibromo-3-chloropropane 96-12-8 U066
Dibutyl phthalate 84-74-2 U069

o-Dichlorobenzene 95-50-1 U070
m-Dichlorobenzene 541-73-1 U071
p-Dichlorobenzene 106-46-7 U072
Dichlorobenzene, NOS 25321-22-6 -
3,3’-Dichlorobenzidine 91-94-1 U073
1,4-Dichloro-2-butene 764-41-0 U074
Dichlorodifluoromethane 75-71-8 U075
Dichloroethylene, NOS 25323-30-2 -
1,1-Dichloroethylene 75-35-4 U078
1,2-Dichloroethylene 156-60-5 U079
Dichloroethyl ether 111-44-4 U025
Dichloroisopropyl ether 108-60-1 U027
Dichloromethoxy ethane 111-91-1 U024
Dichloromethyl ether 542-88-1 P016
2,4-Dichlorophenol 120-83-2 U081
2,6-Dichlorophenol 87-65-0 U082
Dichlorophenylarsine 696-28-6 P036
Dichloropropane, NOS 26638-19-7 -
Dichloropropanol, NOS 26545-73-3 -
Dichloropropene, NOS 26952-23-8 -
1,3-Dichloropropene 542-75-6 U084
Dieldrin 60-57-1 P037
1,2:3,4-Diepoxybutane 1464-53-5 U085
Diethylarsine 692-42-2 P038
Diethylene glycol, dicarbamate 5952-26-1 U395
1,4-Diethyleneoxide 123-91-1 U108
Diethylhexyl phthalate 117-81-7 U028
N,N'-Diethylhydrazine 1615-80-1 U086
O,O-Diethyl S-methyl dithiophosphate 3288-58-2 U087
Diethyl-p-nitrophenyl phosphate 311-45-5 P041
Diethyl phthalate 84-66-2 U088
O,O-Diethyl O-pyrazinyl phosphoro- thioate 297-97-2 P040
Diethylstilbesterol 56-53-1 U089
Dihydrosafrole 94-58-6 U090
Diisopropylfluorophosphate (DFP) 55-91-4 P043
Dimethoate 60-51-5 P044
3,3'-Dimethoxybenzidine 119-90-4 U091
p-Dimethylaminoazobenzene 60-11-7 U093
7,12-Dimethylbenz[a]anthracene 57-97-6 U094
3,3'-Dimethylbenzidine 119-93-7 U095
Dimethylcarbamoyl chloride 79-44-7 U097
1,1-Dimethylhydrazine 57-14-7 U098
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Constituent     CAS No.
Hazardous
Waste No.

C-5

1,2-Dimethylhydrazine 540-73-8 U099
alpha,alpha-Dimethylphenethylamine 122-09-8 P046
2,4-Dimethylphenol 105-67-9 U101
Dimethyl phthalate 131-11-3 U102
Dimethyl sulfate 77-78-1 U103

Dimetilan 644-64-4 P191
Dinitrobenzene, NOS 25154-54-5 -
4,6-Dinitro-o-cresol 534-52-1 P047
4,6-Dinitro-o-cresol salts - P047
2,4-Dinitrophenol 51-28-5 P048
2,4-Dinitrotoluene 121-14-2 U105
2,6-Dinitrotoluene 606-20-2 U106
Dinoseb 88-85-7 P020
Di-n-octyl phthalate 117-84-0 U017
Diphenylamine 122-39-4 -
1,2-Diphenylhydrazine 122-66-7 U109
Di-n-propylnitrosamine 621-64-7 U111
Disulfiram 97-77-8 -
Disulfoton 298-04-4 P039
Dithiobiuret 541-53-7 P049
Endosulfan 115-29-7 P050
Endothall 145-73-3 P088
Endrin 72-20-8 P051
Endrin metabolites - P051
Epichlorohydrin 106-89-8 U041
Epinephrine 51-43-4 P042
EPTC 759-94-4 -
Ethyl carbamate (urethane) 51-79-6 U238
Ethyl cyanide 107-12-0 P101
Ethyl Ziram 14324-55-1 -
Ethylenebisdithiocarbamic acid 111-54-6 U114
Ethylenebisdithiocarbamic acid, salts and esters - U114
Ethylene dibromide 106-93-4 U067
Ethylene dichloride 107-06-2 U077
Ethylene glycol monoethyl ether 110-80-5 U359
Ethyleneimine 151-56-4 P054
Ethylene oxide 75-21-8 U115
Ethylenethiourea 96-45-7 U116
Ethylidene dichloride 75-34-3 U076
Ethyl methacrylate 97-63-2 U118
Ethyl methanesulfonate 62-50-0 U119
Famphur 52-85-7 P097
Ferbam 14484-64-1 -
Fluoranthene 206-44-0 U120
Fluorine 7782-41-4 P056
Fluoroacetamide 640-19-7 P057
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Constituent     CAS No.
Hazardous
Waste No.

C-6

Fluoroacetic acid, sodium salt 62-74-8 P058
Formaldehyde 50-00-0 U122
Formetanate hydrochloride 23422-53-9 P198
Formic acid 64-18-6 U123
Formparanate 17702-57-7 P197
Glycidylaldehyde 765-34-4 U126

Halomethanes, NOS - -
Heptachlor 76-44-8 P059
Heptachlor epoxide 1024-57-3 -
Heptachlor epoxide (alpha, beta, and gamma
isomers)

- -

Heptachlorodibenzofurans - -
Heptachlorodibenzo-p-dioxins - -
Hexachlorobenzene 118-74-1 U127
Hexachlorobutadiene 87-68-3 U128
Hexachlorocyclopentadiene 77-47-4 U130
Hexachlorodibenzo-p-dioxins - -
Hexachlorodibenzofurans - -
Hexachloroethane 67-72-1 U131
Hexachlorophene 70-30-4 U132
Hexachloropropene 1888-71-7 U243
Hexaethyl tetraphosphate 757-58-4 P062
Hydrazine 302-01-2 U133
Hydrogen cyanide 74-90-8 P063
Hydrogen fluoride 7664-39-3 U134
Hydrogen sulfide 7783-06-4 U135
Indeno[1,2,3-cd]pyrene 193-39-5 U137
3-Iodo-2-propynyl n-butylcarbamate 55406-53-6 -
Isobutyl alcohol 78-83-1 U140
Isodrin 465-73-6 P060
Isolan 119-38-0 P192
Isosafrole 120-58-1 U141
Kepone 143-50-0 U142
Lasiocarpine 303-34-1 U143
Lead 7439-92-1 -
Lead compounds, NOS - -
Lead acetate 301-04-2 U144
Lead phosphate 7446-27-7 U145
Lead subacetate 1335-32-6 U146
Lindane 58-89-9 U129
Maleic anhydride 108-31-6 U147
Maleic hydrazide 123-33-1 U148
Malononitrile 109-77-3 U149
Manganese dimethyldithiocarbamate 15339-36-3 P196
Melphalan 148-82-3 U150
Mercury 7439-97-6 U151
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Constituent     CAS No.
Hazardous
Waste No.

C-7

Mercury compounds, NOS - -
Mercury fulminate 628-86-4 P065
Metam Sodium 137-42-8 -
Methacrylonitrile 126-98-7 U152
Methapyrilene 91-80-5 U155
Methiocarb 2032-65-7 P199
Methomyl 16752-77-5 P066

Methoxychlor 72-43-5 U247
Methyl bromide 74-83-9 U029
Methyl chloride 74-87-3 U045
Methyl chlorocarbonate 79-22-1 U156
Methyl chloroform 71-55-6 U226
3-Methylcholanthrene 56-49-5 U157
4,4’-Methylenebis(2-chloroaniline) 101-14-4 U158
Methylene bromide 74-95-3 U068
Methylene chloride 75-09-2 U080
Methyl ethyl ketone (MEK) 78-93-3 U159
Methyl ethyl ketone peroxide 1338-23-4 U160
Methyl hydrazine 60-34-4 P068
Methyl iodide 74-88-4 U138
Methyl isocyanate 624-83-9 P064
2-Methyllactonitrile 75-86-5 P069
Methyl methacrylate 80-62-6 U162
Methyl methanesulfonate 66-27-3 -
Methyl parathion 298-00-0 P071
Methylthiouracil 56-04-2 U164
Metolcarb 1129-41-5 P190
Mexacarbate 315-18-4 P128
Mitomycin C 50-07-7 U010
MNNG 70-25-7 U163
Molinate 2212-67-1 -
Mustard gas 505-60-2 -
Naphthalene 91-20-3 U165
1,4-Naphthoquinone 130-15-4 U166
alpha-Naphthylamine 134-32-7 U167
beta-Naphthylamine 91-59-8 U168
alpha-Naphthylthiourea 86-88-4 P072
Nickel 7440-02-0 -
Nickel compounds, NOS - -
Nickel carbonyl 13463-39-3 P073
Nickel cyanide 557-19-7 P074
Nicotine 54-11-5 P075
Nicotine salts - P075
Nitric oxide 10102-43-9 P076
p-Nitroaniline 100-01-6 P077
Nitrobenzene 98-95-3 U169
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Constituent     CAS No.
Hazardous
Waste No.

C-8

Nitrogen dioxide 10102-44-0 P078
Nitrogen mustard 51-75-2 -
Nitrogen mustard, hydrochloride salt - -
Nitrogen mustard N-oxide 126-85-2 -
Nitrogen mustard, N-oxide, hydro- chloride salt - -
Nitroglycerin 55-63-0 P081
p-Nitrophenol 100-02-7 U170
2-Nitropropane 79-46-9 U171

Nitrosamines, NOS 35576-91-1D -
N-Nitrosodi-n-butylamine 924-16-3 U172
N-Nitrosodiethanolamine 1116-54-7 U173
N-Nitrosodiethylamine 55-18-5 U174
N-Nitrosodimethylamine 62-75-9 P082
N-Nitroso-N-ethylurea 759-73-9 U176
N-Nitrosomethylethylamine 10595-95-6 -
N-Nitroso-N-methylurea 684-93-5 U177
N-Nitroso-N-methylurethane 615-53-2 U178
N-Nitrosomethylvinylamine 4549-40-0 P084
N-Nitrosomorpholine 59-89-2 -
N-Nitrosonornicotine 16543-55-8 -
N-Nitrosopiperidine 100-75-4 U179
N-Nitrosopyrrolidine 930-55-2 U180
N-Nitrososarcosine 13256-22-9 -
5-Nitro-o-toluidine 99-55-8 U181
Octamethylpyrophosphoramide 152-16-9 P085
Osmium tetroxide 20816-12-0 P087
Oxamyl 23135-22-0 P194
Paraldehyde 123-63-7 U182
Parathion 56-38-2 P089
Pebulate 1114-71-2 -
Pentachlorobenzene 608-93-5 U183
Pentachlorodibenzo-p-dioxins - -
Pentachlorodibenzofurans - -
Pentachloroethane 76-01-7 U184
Pentachloronitrobenzene (PCNB) 82-68-8 U185
Pentachlorophenol 87-86-5  F027
Phenacetin 62-44-2 U187
Phenol 108-95-2 U188
Phenylenediamine 25265-76-3 -
Phenylmercury acetate 62-38-4 P092
Phenylthiourea 103-85-5 P093
Phosgene 75-44-5 P095
Phosphine 7803-51-2 P096
Phorate 298-02-2 P094
Phthalic acid esters, NOS - -
Phthalic anhydride 85-44-9 U190
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Constituent     CAS No.
Hazardous
Waste No.

C-9

Physostigmine 57-47-6 P204
Physostigmine salicylate 57-64-7 P188
2-Picoline 109-06-8 U191
Polychlorinated biphenyls, NOS -
Potassium cyanide 151-50-8 P098
Potassium dimethyldithiocarbamate 128-03-0 -
Potassium n-hydroxymethyl-n-methyl-
dithiocarbamate

51026-28-9 -

Potassium n-methyldithiocarbamate 137-41-7 -

Potassium pentachlorophenate 7778736 -
Potassium silver cyanide 506-61-6 P099
Promecarb 2631-37-0 P201
Pronamide 23950-58-5 U192
1,3-Propane sultone 1120-71-4 U193
n-Propylamine 107-10-8 U194
Propargyl alcohol 107-19-7 P102
Propham 122-42-9 U373
Propoxur 114-26-1 U411
Propylene dichloride 78-87-5 U083
1,2-Propylenimine 75-55-8 P067
Propylthiouracil 51-52-5 -
Prosulfocarb 52888-80-9 U387
Pyridine 110-86-1 U196
Reserpine 50-55-5 U200
Resorcinol 108-46-3 U201
Saccharin 81-07-2 U202
Saccharin salts - U202
Safrole 94-59-7 U203
Selenium 7782-49-2 -
Selenium compounds, NOS - -
Selenium dioxide 7783-00-8 U204
Selenium sulfide 7488-56-4 U205
Selenium, tetrakis(dimethyl-dithiocarbamate) 144-34-3 -
Selenourea 630-10-4 P103
Silver 7440-22-4 -
Silver compounds, NOS - -
Silver cyanide 506-64-9 P104
Silvex (2,4,5-TP) 93-72-1 F027
Sodium cyanide 143-33-9 P106
Sodium dibutyldithiocarbamate 136-30-1 -
Sodium diethyldithiocarbamate 148-18-5 -
Sodium dimethyldithiocarbamate 128-04-1 -
Sodium pentachlorophenate 131522 None
Streptozotocin 18883-66-4 U206
Strychnine 57-24-9 P108
Strychnine salts - P108
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C-10

Sulfallate 95-06-7 -
TCDD 1746-01-6 -
Tetrabutylthiuram disulfide 1634-02-2 -
1,2,4,5-Tetrachlorobenzene 95-94-3 U207
Tetrachlorodibenzo-p-dioxins - -
Tetrachlorodibenzofurans - -
Tetrachloroethane, NOS 25322-20-7 -
1,1,1,2-Tetrachloroethane 630-20-6 U208
1,1,2,2-Tetrachloroethane 79-34-5 U209
Tetrachloroethylene 127-18-4 U210

2,3,4,6-Tetrachlorophenol 58-90-2 F027
2,3,4,6-tetrachlorophenol, potassium salt 53535276 -
2,3,4,6-tetrachlorophenol, sodium salt 25567559 -
Tetraethyldithiopyrophosphate 3689-24-5 P109
Tetraethyl lead 78-00-2 P110
Tetraethyl pyrophosphate 107-49-3 P111
Tetramethylthiuram monosulfide 97-74-5 -
Tetranitromethane 509-14-8 P112
Thallium 7440-28-0 -
Thallium compounds, NOS - -
Thallic oxide 1314-32-5 P113
Thallium(I) acetate 563-68-8 U214
Thallium(I) carbonate 6533-73-9 U215
Thallium(I) chloride 7791-12-0 U216
Thallium(I) nitrate 10102-45-1 U217
Thallium selenite 12039-52-0 P114
Thallium(I) sulfate 7446-18-6 P115
Thioacetamide 62-55-5 U218
Thiodicarb 59669-26-0 U410
Thiofanox 39196-18-4 P045
Thiomethanol 74-93-1 U153
Thiophanate-methyl 23564-05-8 U409
Thiophenol 108-98-5 P014
Thiosemicarbazide 79-19-6 P116
Thiourea 62-56-6 U219
Thiram 137-26-8 U244
Tirpate 26419-73-8 P185
Toluene 108-88-3 U220
Toluenediamine 25376-45-8 U221
Toluene-2,4-diamine 95-80-7 -
Toluene-2,6-diamine 823-40-5 -
Toluene-3,4-diamine 496-72-0 -
Toluene diisocyanate 26471-62-5 U223
o-Toluidine 95-53-4 U328
o-Toluidine hydrochloride 636-21-5 U222
p-Toluidine 106-49-0 U353
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C-11

Toxaphene 8001-35-2 P123
Triallate 2303-17-5 U389
2,4,6-Tribromophenol 118-79-6 U408
1,2,4-Trichlorobenzene 120-82-1 -
1,1,2-Trichloroethane 79-00-5 U227
Trichloroethylene 79-01-6 U228
Trichloromethanethiol 75-70-7 P118
Trichloromonofluoromethane 75-69-4 U121
2,4,5-Trichlorophenol 95-95-4 F027
2,4,6-Trichlorophenol 88-06-2 F027
2,4,5-T 93-76-5 F027

Trichloropropane, NOS 25735-29-9 -
1,2,3-Trichloropropane 96-18-4 -
Triethylamine 121-44-8 U404
O,O,O-Triethyl phosphorothioate 126-68-1 -
1,3,5-Trinitrobenzene 99-35-4 U234
Tris(1-aziridinyl)phosphine sulfide 52-24-4 -
Tris(2,3-dibromopropyl) phosphate 126-72-7 U235
Trypan blue 72-57-1 U236
Uracil mustard 66-75-1 U237
Vanadium pentoxide 1314-62-1 P120
Vernolate 1929-77-7 -
Vinyl chloride 75-01-4 U043
Warfarin, concentrations less than 0.3% 81-81-2 U248
Warfarin, concentrations greater than 0.3% 81-81-2 P001
Warfarin salts, when present at concentrations
less than 0.3%.

- U248

Warfarin salts, when present at concentrations
greater than 0.3%.

- P001

Zinc cyanide 557-21-1 P121
Zinc phosphide, when present at concentrations
greater than 10%.

1314-84-7 P122

Zinc phosphide, when present at concentrations of
10% or less.

1314-84-7 U249

Ziram 137-30-4 P205

Source: 40 CFR Part 261, Appendix VIII - Hazardous Constituents, May 4, 1998
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APPENDIX D - 

FEDERAL SEWAGE SLUDGE STANDARDS
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Surface Disposal

Distance from the Boundary of Active
Biosolids Unit to Surface Disposal Site
Property Line (meters)

Pollutant Concentration*

Arsenic
(mg/kg)

Chromium
(mg/kg)

Nickel
(mg/kg)

0 to less than 25 30 200 210

25 to less than 50 34 220 240

50 to less than 75 39 260 270

75 to less than 100 46 300 320

100 to less than 125 53 360 390

125 to less than 150 62 450 420

Equal to or greater than 150 73 600 420

* Dry-weight.

Source: 40 CFR Part 503
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Conversion Factors

pounds per acre (lbs/ac) x 1.121 = kilograms per hectare (kg/ha)

kilograms per hectare (kg/ha) x 0.8922 = pounds per acre (lbs/ac)

pound (lb) = 0.4536 kilogram (kg)

kilogram (kg)  = 2.205 pounds (lbs)

English ton = 0.9072 metric tonne

metric tonne = 1.102 English ton
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APPENDIX E - 

TOXICITY CHARACTERISTIC LEACHATE PROCEDURE (TCLP)
LIMITATIONS

EPA
Hazardous
Waste No.

Contaminant CAS No.1
Regulatory Level

(mg/L)

D004 Arsenic 7440–38–2 5.0

D005 Barium 7440–39–3 100.0

D018 Benzene 71–43–2 0.5

D006 Cadmium  7440–43–9 1.0

D019 Carbon tetrachloride 56–23–5 0.5

D020 Chlordane 57–74–9 0.03

D021 Chlorobenzene 108–90–7 100.0

D022 Chloroform 67–66–3 6.0

D007 Chromium 7440–47–3 5.0

D024 o-Cresol 95-48-7 2200.0

D024 m-Cresol 108–39–4 2200.0

D025 p-Cresol 106–44–5 2200.0

D026 Cresols 2200.0

D016 2,4-D 94–75–7 10.0

D027 1,4-Dichlorobenzene 106–46–7 7.5

D028 1,2-Dichloroethane 107–06–2 0.5

D029 1,1-Dichloroethylene 75–35–4 0.7

D030 2,4-Dinitrotoluene 121–14–2 30.13

D012 Endrin 72–20–8 0.02

D031 Heptachlor (and its
epoxide)

76–44–8 0.008

D032 Hexachlorobenzene 118–74–1 30.13

D033 Hexachlorobutadiene 87–68–3 0.5

D034 Hexachloroethane 67–72–1 3.0

D008 Lead 7439–92–1 5.0

D013 Lindane 58–89–9 0.4

D009 Mercury 7439–97–6 0.2

D014 Methoxychlor 72–43–5 10.0
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EPA
Hazardous
Waste No.

Contaminant CAS No.1
Regulatory Level

(mg/L)

E-2

D035 Methyl ethyl ketone 78–93–3 200.0

D036 Nitrobenzene 98–95–3 2.0

D037 Pentachlorophenol 87–86–5 100.0

D038 Pyridine 110–86–1 35.0

D010 Selenium 7782–49–2 1.0

D011 Silver 7440–22–4 5.0

D039 Tetrachloroethylene 127–18–4 0.7

D015 Toxaphene 8001–35–2 0.5

D040 Trichloroethylene 79–01–6 0.5

D041 2,4,5-Trichlorophenol 95–95–4 400.0

D042 2,4,6-Trichlorophenol 88–06–2 2.0

D017 2,4,5-TP (Silvex) 93–72–1 1.0

D043 Vinyl chloride 75–01–4 0.2

1 Chemical abstracts service number.
2 If o-, m-, and p-Cresol concentrations cannot be differentiated, the total cresol (D026)

concentration is used. The regulatory level of total cresol is 200 mg/l.
3 Quantitation limit is greater than the calculated regulatory level. The quantitation limit

therefore becomes the regulatory level.

Source: 40 CFR 261.24, August 31, 1993.



DRAFT

F-1

APPENDIX F - 

PROPOSED NESHAPS FOR POTWS, 1998

CAS No. Chemical Name
Fraction
Emitted

75070 Acetaldehyde 02099

75058 Acetonitrile 00878

107028 Acrolein 01328

107131 Acrylonitrile 01130

107051 Allyl chloride 09552

71432 Benzene (including benzene from gasoline) 07729

100447 Benzyl chloride 01873

92524 Biphenyl 00999

75252 Bromoform 02300

106990 1,3-Butadiene 09924

75150 Carbon disulfide 09643

56235 Carbon tetrachloride 09628

43581 Carbonyl sulfide 03401

108907 Chlorobenzene 03386

67663 Chloroform 07485

126998 Chloroprene 06644

98828 Cumene 08481

3547044 DDE 01128

334883 Diazomethane 00739

132649 Dibenzofurans 02125

106467 1,4-Dichlorobenzene(p) 05492

542756 1,3-Dichloropropene 07174

119904 3,3'-Dimethoxybenzidine 04736

121697 N,N-Dimethylaniline 00885

106898 Epichlorohydrin (1-Chloro-2,3-epoxypropane) 00966

106887 1,2-Epoxybutane 04049

140885 Ethyl acrylate 02299

100414 Ethyl benzene 07986

75003 Ethyl chloride (Chloroethane) 09633

106934 Ethylene dibromide (Dibromoethane) 03134

107062 Ethylene dichloride (1,2-Dichloroethane) 04363

151564 Ethylene imine (Aziridine) 06887

75218 Ethylene oxide 01944

75343 Ethylidene dichloride (1,1-Dichloroethane) 07142
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CAS No. Chemical Name
Fraction
Emitted

F-2

- Glycol ethers* 00591

76448 Heptachlor 02064

118741 Hexachlorobenzene 01340

87683 Hexachlorobutadiene 07761

77474 Hexachlorocyclopentadiene 06313

67721 Hexachloroethane 07643

110543 Hexane 09998

74839 Methyl bromide (Bromomethane) 09165

74873 Methyl chloride (Chloromethane) 09125

71556 Methyl chloroform (1,1,1-Trichloroethane) 03848

78933 Methyl ethyl ketone (2-Butanone) 02357

74884 Methyl iodide (Iodomethane) 06365

108101 Methyl isobutyl ketone (Hexone) 03142

80626 Methyl methacrylate 00679

1634044 Methyl tert butyl ether 03498

75092 Methylene chloride (Dichloromethane) 07593

91203 Naphthalene 02248

79469 2-Nitropropane 01561

75445 Phosgene 09739

1336363 Polychlorinated biphenyls** (Aroclors)     00241

123386 Propionaldehyde 01235

78875 Propylene dichloride (1,2-Dichloropropane) 05914

75569 Propylene oxide 05101

100425 Styrene 08462

96093 Styrene oxide 00718

79345 1,1,2,2-Tetrachloroethane 01870

127184 Tetrachloroethylene (Perchloroethylene) 09693

108883 Toluene 07382

8001352 Toxaphene (chlorinated camphene) 06473

120821 1,2,4-Trichlorobenzene 03248

79005 1,1,2-Trichloroethane 03848

79016 Trichloroethylene 09197

121448 Triethylamine 01025

540841 2,2,4-Trimethylpentane 09999

108054 Vinyl acetate 04541

593602 Vinyl Bromide 09149

75014 Vinyl chloride 09958

75354 Vinylidene chloride (1,1-Dichloroethylene) 09737
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CAS No. Chemical Name
Fraction
Emitted

F-3

1330207 Xylenes (isomers and mixture) 07241

95476 o-Xylenes 07085

108383 m-Xylenes 07787

106423 p-Xylenes 07856

* Ethylene glycol dimethyl ether.
** PCB 1221, PCB 1232, PCB 1242, PCB 1248, and PCB 1254

Source: 63 FR 66084, December 1, 1998, 40 CFR Part 63, National Emission Standards for
Hazardous Air Pollutants: Publicly Owned Treatment Works, Notice of Proposed
rulemaking.  (http://www.epa.gov/ttn/uatw/potw/fr01de98.txt)
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APPENDIX G - 

DRINKING WATER STANDARDS

National Primary Drinking Water Regulations

Contaminants
Maximum Contaminant

Level Goal (MGLC)
in mg/L

Maximum Contaminant
Level (MCL)

in mg/L

INORGANICS

Antimony 0.006 0.006

Arsenic none 0.05

Asbestos 7 MFL* 7 MFL

Barium 2 2

Beryllium 0.004 0.004

Cadmium 0.005 0.005

Chromium (total) 0.1 0.1

Copper 1.3 Action Level=1.3

Cyanide (as free cyanide) 0.2 0.2

Fluoride 4.0 4.0

Lead zero Action Level=0.015

Inorganic Mercury 0.002 0.002

Nitrate (as Nitrogen) 10 10

Nitrite (as Nitrogen) 1 1

Selenium 0.05 0.05

Thallium 0.0005 0.002

ORGANICS

Acrylamide zero **

Alachlor zero 0.002

Atrazine 0.003 0.003

Benzene zero 0.005

Benzo(a)pyrene zero 0.0002

Carbofuran 0.04 0.04

Carbon tetrachloride zero 0.005

Chlordane zero 0.002

Chlorobenzene 0.1 0.1

2,4-D 0.07 0.07
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Contaminants
Maximum Contaminant

Level Goal (MGLC)
in mg/L

Maximum Contaminant
Level (MCL)

in mg/L

G-2

Dalapon 0.2 0.2

1,2-Dibromo-3-chloropropane (DBCP) zero 0.0002

o-Dichlorobenzene 0.6 0.6

p-Dichlorobenzene 0.075 0.075

1,2-Dichloroethane zero 0.005

1-1-Dichloroethylene 0.007 0.007

cis-1, 2-Dichloroethylene 0.07 0.07

trans-1,2-Dichloroethylene 0.1 0.1

Dichloromethane zero 0.005

1-2-Dichloropropane zero 0.005

Di(2-ethylhexyl)adipate 0.4 0.4

Di(2-ethylhexyl)phthalate zero 0.006

Dinoseb 0.007 0.007

Dioxin (2,3,7,8-TCDD) zero 0.00000003

Diquat 0.02 0.02

Endothall 0.1 0.1

Endrin 0.002 0.002

Epichlorohydrin zero ***

Ethylbenzene 0.7 0.7

Ethylene dibromide zero 0.00005

Glyphosate 0.7 0.7

Heptachlor zero 0.0004

Heptachlor epoxide zero 0.0002

Hexachlorobenzene zero 0.001

Hexachlorocyclopentadiene 0.05 0.05

Lindane 0.0002 0.0002

Methoxychlor 0.04 0.04

Oxamyl (Vydate) 0.2 0.2

Polychlorinated biphenyls (PCBs) zero 0.0005

Pentachlorophenol zero 0.001

Picloram 0.5 0.5

Simazine 0.004 0.004

Styrene 0.1 0.1

Tetrachloroethylene zero 0.005
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Contaminants
Maximum Contaminant

Level Goal (MGLC)
in mg/L

Maximum Contaminant
Level (MCL)

in mg/L

G-3

Toluene 1 1

Total Trihalomethanes (TTHMs) none 0.10

Toxaphene zero 0.003

2,4,5-TP (Silvex) 0.05 0.05

1,2,4-Trichlorobenzene 0.07 0.07

1,1,1-Trichloroethane 0.20 0.2

1,1,2-Trichloroethane 0.003 0.005

Trichloroethylene zero 0.005

Vinyl chloride zero 0.002

Xylenes (total) 10 10

* Million fibers per liter, longer than 10 micrometers (µm) in length.
** Not to exceed 0.05% dosed at 1 ppm (or equivalent).
*** Not to exceed 0.01% dosed at 20 ppm (or equivalent).

Source: 40 CFR Part 141, National Primary Drinking Water Regulations and
http://www.epa.gov/safewater/mcl.html
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National Primary Drinking Water Regulations

Disinfection Byproduct
Maximum Contaminant

Level Goal (MGLC)
in mg/L

Maximum Contaminant
Level (MCL)

in mg/L

Total Trihalomethanes* - 0.080 

Bromodichloromethane zero -

Dibromochloromethane 0.06 -

Tribromomethane (Bromoform) zero -

Trichloromethane (Chloroform) zero -

Haloacetic Acids (HAA5)** - 0.060

Dichloroacetic Acid zero -

Trichloroacetic Acid 0.3 -

Bromate zero 0.010

Chlorite 0.8 1.0

* Sum of the concentrations of Bromodichloromethane, Dibromochloromethane,
Tribromomethane, and Trichloromethane.

** Sum of the concentrations of Dichloroacetic acid, Trichloroacetic acid, Monochloroacetic acid,
Monobromoacetic acid, and Dibromoacetic acid.

Disinfectant Residual
Maximum Residual

Disinfection Level Goal
(MRDLG) in mg/L

Maximum Residual
Disinfection Level
(MRDL) in mg/L

Chlorine (as Cl2) 4 4

Chloramines (as Cl2) 4 4

Chlorine dioxide (as ClO2) 0.8 0.8

Source: National Primary Drinking Water Regulations:  Disinfectants and Disinfection Byproducts
(also known as the Stage 1 Disinfection Byproducts Rule - DBPR); 63 FR, December 16,
1998, p 69389.
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National Secondary Drinking Water Regulations

Contaminant Secondary Standard

Aluminum 0.05 to 0.2 mg/L

Chloride 250 mg/L

Color 15 (color units)

Copper 1.0 mg/L

Corrosivity noncorrosive

Fluoride 2.0 mg/L

Foaming Agents 0.5 mg/L

Iron 0.3 mg/L

Manganese 0.05 mg/L

Odor 3 threshold odor number

pH 6.5-8.5

Silver 0.10 mg/L

Sulfate 250 mg/L

Total Dissolved Solids 500 mg/L

Zinc 5 mg/L

Source: 40 CFR Part 143, National Secondary Drinking Water Regulations;
http://www.epa.gov/safewater/mcl.html.
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APPENDIX H - 

LITERATURE INHIBITION VALUES

Pollutant
Reported Range of Activated
Sludge Inhibition Threshold

Levels, mg/l
References*

METALS/NONMETAL INORGANICS

Ammonia 480 (4)

Arsenic 0.1 (1), (2), (3)

Cadmium 1 - 10 (2), (3)

Chromium (VI) 1 (2), (3)

Chromium (III) 10 - 50 (2), (3)

Chromium (Total) 1 - 100 (1)

Copper 1 (2), (1), (3)

Cyanide 0.1 - 5
5

(1), (2), (3)
(1)

Iodine 10 (4)

Lead 0.1 - 5.0
10 - 100

(3)
(1)

Mercury 0.1 - 1
2.5 as  Hg (II)

(2), (3)
(1)

Nickel 1.0 - 2.5
5

(2), (3)
(1)

Silver 0.25-5 (2), (3)

Sulfide 25 -30 (4)

Zinc 0.3 - 5
5 - 10

(3)
(1)

ORGANICS:

Anthracene 500 (1)

Benzene 100 - 500
125 - 500

(3)
(1)

2-Chlorophenol 5
20 - 200

(2)
(3)

1,2 Dichlorobenzene 5 (2)

1,3 Dichlorobenzene 5 (2)

1,4 Dichlorobenzene 5 (2)
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Pollutant
Reported Range of Activated
Sludge Inhibition Threshold

Levels, mg/l
References*

H-2

2,4-Dichlorophenol 64 (3)

2,4 Dimethylphenol 40 -   200 (3)

2,4 Dinitrotoluene 5 (2)

1,2-Diphenylhydrazine 5 (2)

Ethylbenzene 200 (3)

Hexachlorobenzene 5 (2)

Naphthalene 500
500
500

(1)
(2)
(3)

Nitrobenzene 30 - 500
500
500

(3)
(1)
(2)

Pentachlorophenol 0.95
50

75 - 150

(2)
(3)
(1)

Phenanthrene 500
500

(1)
(2)

Phenol 50 - 200
200
200

(3)
(2)
(1)

Toluene 200 (3)

2,4,6 Trichlorophenol 50 -   100 (1)

Surfactants 100 -   500 (4)

* No distinction between total or dissolved pollutant inhibition levels.

(1) Jenkins, D.I. and Associates. 1984.  Impact of Toxics on Treatment Literature Review.
(2) Russell, L. L., C. B. Cain, and D.I. Jenkins.  1984.  Impacts of Priority Pollutants on Publicly

Owned Treated Works Processes: A Literature Review.  1984 Purdue Industrial Waste
Conference.

(3) Anthony, R. M. and L. H. Briemburst.  1981.  Determining Maximum Influent Concentrations of
Priority Pollutants for Treatment Plants.  JWPCF.  Vol. 53, N. 10, pp. 1457-1468.

(4) U.S. EPA. 1986, Working Document; Interferences at Publicly Owned Treatment Works. 
September 1986.

Source: EPA’s Guidance Manual on the Development and Implementation of Local Discharge
Limitations Under the Pretreatment Program, December 1987, pp.3-44 and 3-45.
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Pollutant
Reported Range of Trickling
Filter Inhibition Threshold

Levels, mg/l
References*

Chromium (III) 3.5 - 67.6 (1)

Cyanide 30 (1)

* No distinction between total or dissolved pollutant inhibition levels.

(1) Jenkins, D.I. and Associates. 1984.  Impact of Toxics on Treatment Literature Review.

Source: EPA’s Guidance Manual on the Development and Implementation of Local Discharge
Limitations Under the Pretreatment Program, December 1987, p.3-46.
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Pollutant 
Reported Range of Nitrification

Inhibition Threshold Levels,
mg/l

References*

METALS/NONMETAL INORGANICS

Arsenic 1.5 (2)

Cadmium 5.2 (1), (2)

Chloride 180 (4)

Chromium (VI) 1 - 10 [as (CrO4 )
2-] (1)

Chromium (T) 0.25 - 1.9
1 - 100

(trickling filter)

(1), (2), (3)
(1)

Copper 0.05 - 0.48 (2), (3)

Cyanide 0.34 - 0.5 (2), (3)

Lead 0.5 (2), (3)

Nickel 0.25 - 0.5
5

(2), (3)
(1)

Zinc 0.08 - 0.5 (2), (3)

ORGANICS:

Chloroform 10 (2)

2,4-Dichlorophenol 64 (3)

2,4-Dinitrophenol 150 (2)

Phenol 4
4 - 10

(2)
(3)

* No distinction between total or dissolved pollutant inhibition levels.

(1) Jenkins, D.I. and Associates. 1984.  Impact of Toxics on Treatment Literature Review.
(2) Russell, L. L., C. B. Cain, and D.I. Jenkins.  1984.  Impacts of Priority Pollutants on Publicly

Owned Treated Works Processes: A Literature Review.  1984 Purdue Industrial Waste
Conference.

(3) Anthony, R. M. and L. H. Briemburst.  1981.  Determining Maximum Influent Concentrations of
Priority Pollutants for Treatment Plants.  JWPCF.  Vol. 53, N. 10, pp. 1457-1468.

(4) U.S. EPA. 1986, Working Document; Interferences at Publicly Owned Treatment Works. 
September 1986.

Source: EPA’s Guidance Manual on the Development and Implementation of Local Discharge
Limitations Under the Pretreatment Program, December 1987, p.3-47.
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H-5

Pollutant
Reported Range of Anaerobic
Digestion Inhibition Threshold

Levels, mg/l
References*

METALS/NONMETAL INORGANICS

Ammonia 1500 - 8000 (4)

Arsenic 1.6 (1)

Cadmium 20 (3)

Chromium (III) 130 (3)

Chromium (VI) 110 (3)

Copper 40 (3)

Cyanide 4 - 100
1 - 4

(1)
(2), (3)

Lead 340 (3)

Nickel 10
136

(2), (3)
(1)

Silver 13 - 65** (3)

Sulfate 500 - 1000 (4)

Sulfide 50 - 100 (4)

Zinc 400 (3)

ORGANICS:

Acrylonitrile 5
5

(3)
(2)

Carbon Tetrachloride 2.9 - 159.4
10 - 20

2.0

(1)
(3)
(2)

Chlorobenzene 0.96 - 3
0.96

(1)
(2)

Chloroform 1
5 - 16

10 - 16

(2)
(1)
(3)

1,2-Dichlorobenzene 0.23 - 3.8
0.23

(1)
(2)

1,4-Dichlorobenzene 1.4 - 5.3
1.4

(1)
(2)

Methyl chloride 3.3 - 536.4
100

(1)
(2)

Pentachlorophenol 0.2
0.2 -  1.8

(2)
(1)

Tetrachloroethylene 20 (2)
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Pollutant
Reported Range of Anaerobic
Digestion Inhibition Threshold

Levels, mg/l
References*

H-6

Trichloroethylene 1 - 20
20
20

(1)
(2)
(3)

Trichlorofluoromethane - (2)

* Total pollutant inhibition levels, unless otherwise indicated.
** Dissolved metal inhibition levels.

(1) Jenkins, D.I. and Associates. 1984.  Impact of Toxics on Treatment Literature Review.
(2) Russell, L. L., C. B. Cain, and D.I. Jenkins.  1984.  Impacts of Priority Pollutants on Publicly

Owned Treated Works Processes: A Literature Review.  1984 Purdue Industrial Waste
Conference.

(3) Anthony, R. M. and L. H. Briemburst.  1981.  Determining Maximum Influent Concentrations of
Priority Pollutants for Treatment Plants.  JWPCF.  Vol. 53, N. 10, pp. 1457-1468.

(4) U.S. EPA. 1986, Working Document; Interferences at Publicly Owned Treatment Works. 
September 1986.

Source: EPA’s Guidance Manual on the Development and Implementation of Local Discharge
Limitations Under the Pretreatment Program, December 1987, pp.3-48 and 3-49.
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OSHA, ACGIH AND NIOSH EXPOSURE LEVELS
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Flow Restrictions Only X X X X

Ammonia (as N) X X X X X X

BOD X

COD X X

Fluoride X X X X X X

Nitrate (as N) X

Oil and Grease X X X X X X X X X

Oil (mineral) X

Organic Nitrogen (as N) X

pH X X X

Phenols X X X

Phosphorus X X

Sulfide X

TSS X

1,1-Dichloroethane X X X X X

1,1-Dichloroethylene X X X X X X X

1,1,1-Trichloroethane X X X X X X X X X

1,1,2-Trichloroethane X X X X X

1,1,2,2-
Tetrachloroethane X X X X  

1,2-Dichlorobenzene X X X X X X X

1,2-Dichloroethane X X X X X X X  

1,2-Dichloropropane X X X X X  

1,2-Diphenylhydrazine X X X X X

1,2-trans-
Dichloroethylene X X X X X  

1,2,4-Trichlorobenzene X X X X X  

1,3-Dichlorobenzene X X X X X  

1,3-Dichloropropene  X X X X X

1,4-Dichlorobenzene X X X X X X
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J-2

2-Chloroethyl vinyl ether
(mixed) 

X X X

2-Chloronaphthalene X X X  

2-Chlorophenol X X X X X X  

2-Nitrophenol X X X X X  

2,3,4,6-
Tetrachlorophenol

X

2,4-Dichlorophenol X X X X X

2,4-Dimethylphenol X X X X  

2,4-Dinitrophenol X X X  

2,4-Dinitrotoluene X X X X

2,4,5-Trichlorophenol X

2,4,6-Trichlorophenol X X X X X X X

2,6-Dinitrotoluene X X X X

3,3-Dichlorobenzidine X X X  

3,4,5-Trichlorocatechol X

3,4,5-Trichloroguaiacol X

3,4,6-Trichlorocatechol X

3,4,6-Trichloroguaiacol X

4-Bromophenyl phenyl
ether 

X X X  

4-Chlorophenyl phenyl
ether 

X X X

4-Nitrophenol X X X X X X

4,4-DDD X X X

4,4-DDE X X X

4,4-DDT X X X  

4,5,6-Trichloroquaiacol X

4,6-Dinitro-o-cresol X X X X

Acenaphthene X X X X X X

Acenaphthylene X X X X X

Acetone X

Acrolein X X X  

Acrylonitrile X X X

Aldrin X X X

Alpha-BHC X X X

Alpha-endosulfan X X X
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J-3

Anthracene X X X X X X X X

Benzene X X X X X X X X  

Benzidine  X X X

Benzo (b) fluoranthene X X X X X

Benzo (a) anthracene X X X X

Benzo (ghi) perylene X X X X

Benzo (a) pyrene X X X X X X

Benzo (k) fluoranthene X X X X

Beta-BHC X X X

Beta-endosulfan X X X

Bis (2-chloroethoxy)
methane 

X X X  

Bis (2-chloroisopropyl)
ether 

X X X

Bis (2-chloroethyl) ether X X X  X  

Bis (2-ethylhexyl)
phthalate 

X X X X X X X X

Bromoform X X X X  

Butyl benzyl phthalate X X X X X X

Carbon tetrachloride X X X X X X  

Chlordane (tech. mix. &
metabolites) 

X X X

Chlorobenzene  X X X X X X X

Chlorodibromomethane X X X X  

Chloroethane X X X X

Chloroform X X X X X X X X X X X

Chrysene X X X X X

Delta-BHC X X X

Di-n-butyl phthalate X X X X X X X

Di-n-octyl phthalate X X X

Dibenzo (a,h)
anthracene 

X X X X

Dichlorobromomethane X X X X X

Dieldrin X X X

Diethyl phthalate X X X X X X

Diethylamine X

Dimethyl phthalate X X X X X
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J-4

Endosulfan sulfate X X X X

Endrin X X X X

Endrin aldehyde X X X X

Ethyl acetate X

Ethylbenzene X X X X X X X X

Fluoranthene X X X X X X

Fluorene X X X X X X

Gamma-BHC X X X

Heptachlor epoxide X X X

Heptachlor X X X

Hexachlorobenzene X X X X X

Hexachlorobutadiene X X X

Hexachlorocyclopenta-
diene 

X X X X  

Hexachloroethane X X X X  

Indeno (1,2,3-cd)pyrene X X X X

Isobutylaldehyde X

Isophorone X X X X X

Isopropyl acetate X

Isopropyl ether X

Methyl formate X

Methyl bromide X X X X

Methyl cellosolve X

Methyl Isobutyl Ketone X

Methyl chloride X X X X X  

Methylene chloride X X X X X X X X X X

n-Amyl acetate X

n-Butyl acetate X

n-Heptane X

n-Hexane X

N-nitrosodi-n-
propylamine 

X X X X X

N-nitrosodimethylamine X X X X  

N-nitrosodiphenylamine X X X X X X

Naphthalene X X X X X X X X X X  

Nitrobenzene X X X X

Parachlorometa cresol X X X X X  
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PCB–1016 X X X X

PCB–1221 X X X X

PCB–1232 X X X X

PCB–1242 X X X X

PCB–1248 X X X X

PCB–1254 X X X X

PCB–1260 X X X X

Pentachlorophenol X X X X X X X

Phenanthrene X X X X X X X X

Phenol X X X X X X

Pyrene X X X X X X

TCDF X

Tetrachlorocatechol X

Tetrachloroethylene X X X X X X X X X X

Tetrachloroguaiacol X

Tetrahydrofuran X

Toluene X X X X X X X X X X X

Toxaphene X X X

Trichloroethylene X X X X X X X X

Trichlorosyringol X

Triethylamine X

Vinyl chloride X X X X

Xylenes X

2,3,7,8-tetrachloro-
dibenzo-p-dioxin

X X X X

Organic Pesticide Active
Ingredients

X

Antimony X X X X X

Arsenic X X X X X

Asbestos X

Beryllium X X

Cadmium X X X X X X X X

Chromium, Total X X X X X X X X X X X X X X X X X

Chromium, Hexavalent X X  

Cobalt X X X

Copper X X X X X X X X X X X

Cyanide, Total X X X X X X X X X X X X X
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Cyanide, Amenable X X

Gold X

Indium X

Iron X X

Lead X X X X X X X X X X X X X X X

Manganese X X

Mercury X X X X

Molybdenum X X

Nickel X X X X X X X X X X

Palladium X

Platinum X

Selenium X X X

Silver X X X X X X X

Tantalum X

Thallium X

Tin X

Titanium X

Tungsten X

Zinc X X X X X X X X X X X X X X X X X

Source: Updated from the 1991 National Pretreatment Program Report to Congress., pp.  5-6.
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APPENDIX K - 

AVAILABLE DEVELOPMENT DOCUMENTS (AS OF 1999)

EPA’s findings from studies conducted for the development of effluent limitations and guidelines for

industrial categories are detailed in development documents.  The following page,

http://www.epa.gov/ost/pc/industry.html, identifies categories that EPA has established industrial effluent

limitations and guidelines.  The user selects the category of interest where upon they are linked to a page

detailing documents available for the selected category.  The link for “Electroplating (40 CFR 403)” is

provided as an example.
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/  ALUMINUM FORMING (40 CFR 467)
/  AQUACULTURE

/  ASBESTOS MANUFACTURING (40 CFR 427)
/  BATTERY MANUFACTURING (40 CFR 46 1)

/  BUILDERS' PAPER AND BOARD MILLS (40 CFR 43 1)
/  CARBON BLACK MANUFACTURING (40 CFR 458)

/  CEMENT MANUFACTURING (40 CFR 411)
/  CENTRALIZED WASTETREATMENT (40 CFR 437 1 Proposed 1)

/  COAL MINING (40 CFR 434)
/  COIL COATING (40 CFR, 465)

/  CANMAKING SUBCATEGORY
/  CONSTRUCTION AND DEVELOPMENT INDUSTRY

/  CONCRETE PRODUCTS INDUSTRY
/  COPPER FORMING (40 CFR 468)

/  DAIRY PRODUCTS PROCESSING (40 CFR 405)
/  DRUM RECONDITIONING

/  ELECTRICAL AND ELECTRONIC COMPONENTS (40 CFR 469)
/  ELECTROPLATING (40 CFR 413)

/  ETHANOL-FOR-FUEL INDUSTRY
/  EXPLOSIVES MANUFACTURING (40 CFR 457)

/  FEEDLOTS (40 CFR 412)
/  FERROALLOY MANUFACTURING (40 CFR 418)

/  FERTILIZER MANUFACTURING (40 CFR 418)
/  FOODS AND BEVERAGES (MISCELLANEOUS)

/  FRUITS AND VEGETABLES PROCESSING (40 CFR 407)
/  GLASS MANUFACTURING (49 CFR 426)

/  GRAIN MILLS (40 CFR 406)
/  GUM AND WOOD CHEMICALS MANUFACTURING (40 CFR 454)

/  HOSPITALS (40 CFR 460)
/  INDUSTRIAL LAUNDRIES (40 CFR 44 1)

/  INK FORMULATING (40 CFR 447)
/  INORGANIC CHEMICALS (40 CFR 415)

/  IRON AND STEEL MANUFACTURING (40 CFR 420)
/  LANDFILLS (40 CFR 445)

/  LEATHER TANNING AND FINISHING  (40 CFR 425)
/  LIVESTOCK MARKET INDUSTRY

/  LOW BTU  GASIFICATION
/  MEAT PRODUCTS (40 CFR 432)

/  METAL FINISHING (40 CFR 433)
/  METAL MOLDING AND CASTING (FOUNDRIES) (40 CFR 464)
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/  METAL PRODUCTS AND MACHINERY  (40 CFR 438)
/  MINERAL MINING AND PROCESSING (40 CFR 436)

/  NONFERROUS METALS FORMING AND METALS POWDERS (40 CFR 471)
/  NONFERROUS METALS MANUFACTURING (40 CFR 42 1)

/  OIL AND GAS EXTRACTION (40 CFR 435)
/  COASTAL SUBCATEGORY

/  OFFSHORE SUBCATEGORY
/  ORE MINING AND DRESSING (40 CFR 440)

 /  GOLD PLACER MINING SUBCATEGORY
/  ORGANIC CHEMICALS, PLASTICS AND SYNTHETIC FIBERS (40 CFR 414)

/  PAINT FORMULATING (40 CFR 446)
/  PAVING AND ROOFING MATERIALS (TARS AND ASPHALT) (40 CFR 4431

/  PESTICIDE CHEMICALS  (40 CFR 455)
/  FORMULATING, PACKAGING AND REPACKAGING SUBCATEGORY

/  MANUFACTURING SUBCATEGORY
/  PETROLEUM REFINING (40 CFR 419)

/  pH  EFFLUENT LIMITATIONS UNDER CONTINUOUS MONITORING (40 CFR 401.17)
/  PHARMACEUTICAL MANUFACTURING (40 CFR 439)

/  PHOSPHATE MANUFACTURING (40 CFR 422)
/  PHOTOGRAPHIC PROCESSING (40 CFR 459)

/  PLASTICS MOLDING AND FORMING (40 CFR 463)
/  POLYCHLORINATED BIPHENYLS

/  PORCELAIN ENAMELING (40 CFR 466)
/  PRINTING AND PUBLISHING

/  PULP, PAPER, AND PAPERBOARD (40 CFR 430)
/  RUBBER MANUFACTURING (40 CFR 428)

/  SEAFOOD PROCESSING (40 CFR 408)
/  SHIPBUILDING INDUSTRY

/  SOAP AND DETERGENT MANUFACTURING (40 CFR 417)
/  SOLVENT RECYCLING INDUSTRY

/  STEAM ELECTRIC POWER GENERATING (40 CFR 423)
/  SUGAR PROCESSING (40 CFR 409)

/  TEXTILE MILLS (40 CFR 4 10)
/  TIMBER PRODUCTS PROCESSING (40 CFR 429)

/  TRANSPORTATION EQUIPMENT CLEANING (40 CFR 442)
/  USED OIL RECLAMATION AND RE-REFINING INDUSTRY

/  WASTE COMBUSTERS (40 CFR 444)
/  INDUSTRIAL WASTE COMBUSTERS SUBCATEGORY

/  WATER SUPPLY
/  MISCELLANEOUS

OST HOME I EPA HOME I WATER HOME I COMMENTS I SEARCH

URL: http://www.epa.gov/OST/pc/industry.html
Revised September 6, 1999
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Documents related to:

ELECTROPLATING (40 CFR 413 )

Development Document for Effluent Limitations Guidelines and New Source
Performance Standards for the Copper, Nickel, Chromium and Zinc Segment of tile
Electroplating Point Source Category

EPA#: 440/1-74-003a YEAR: 1974

NTIS#: PB-228834

ERIC#:

Development Document for Existing Source Pretreatment Standards for the
Electroplating Point Source Category [Final]

EPA#: 440/1-79-003 YEAR: 1979

NTIS#: PB80-196488

ERIC#: D-926

Development Document for Proposed Existing Source Pretreatment Standards for
tile Electroplating Point Source Category

EPA#: 440/1-78-085 YEAR: 1978

NTIS#: PB95-155941

ERIC#:

Economic Analysis of Effluent Guidelines: The Electroplating Industry (Copper,
Nickel, Chromium and Zinc)

EPA#: 230/2-74-007 YEAR: 1974

NTIS#: PB-236595

ERIC#:

Economic Analysis of Proposed Effluent Guidelines: The Electroplating Industry
(Copper, Nickel, Chromium, and Zinc) [Revision]

EPA#: 230/1-73-007 YEAR: 1973

NTIS#: PB95-207445

ERIC#:

Economic Analysis of Pretreatment, Standards for Existing, Sources of the
Electroplating Point Source Category

EPA #: 440/2-79-031 YEAR: 1979

NTIS#: PB80-135262

ERIC#:

Federal Register: January 28, 1981 40 CFR Part 413

Effluent Guidelines and Standards, Electroplating Point Source Category
Pretreatment Standards for Existing Sources: Final Rule and Amendments

EPA#: YEAR 1981

NTIS#:

ERIC#: D-936

Guidance Manual for Electroplating and Metal Finishing Pretreatment Standards

EPA#: 440/1-84-091g YEAR: 1984

NTIS#: PB87-192597

ERIC#: W-118

Publications Table of Contents

Search OST Publications

OST HOME | EPA HOME | WATER HOME | COMMENTS | SEARCH
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URL: http://www.epa.gov/OST/pc/elecplat.html
Revised September 6, 1999
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APPENDIX L - 

LIST OF SUPPLEMENTAL DOCUMENTS
update via http://cfpub1.epa.gov/npdes

TITLE DATE EPA Number NTIS Number ERIC
Number

Aluminum, Copper, And Nonferrous Metals
Forming And Metal Powders Pretreatment
Standards: A Guidance Manual

December 1989 800-B-89-001 PB91-145441 W119

CERCLA Site Discharges to POTWs
Guidance Manual

August 1990 540-G-90-005 PB90-274531 W150

Control Authority Pretreatment Audit
Checklist and Instructions

May 1992 -- -- --

Control of Slug Loadings To POTWs:
Guidance Manual

February 1991 21W-4001 -- --

Environmental Regulations and Technology:
The National Pretreatment Program

July 1986 625-10-86-005 PB90-246521 W350

Guidance for Conducting a Pretreatment
Compliance Inspection

September 1991 300-R-92-009 PB94-120631 W273

Guidance For Developing Control Authority
Enforcement Response Plans

September 1989 -- PB90-
185083/AS

--

Guidance for Reporting and Evaluating
POTW Noncompliance with Pretreatment
Implementation Requirements

September 1987 -- PB95-157764 W304

Guidance Manual For Battery Manufacturing
Pretreatment Standards

August 1987 440-1-87-014 PB92-117951 W195

Guidance Manual for Electroplating and
Metal Finishing Pretreatment Standard

February 1984 440-1-84-091-G PB87-192597 W118

Guidance Manual For Implementing Total
Toxic Organics (TTO) Pretreatment Standards

September 1985 440-1-85-009-T PB93-167005 W339

Guidance Manual For Iron And Steel
Manufacturing Pretreatment Standards

September 1985 821-B-85-001 PB92-114388 W103

Guidance Manual for Leather Tanning and
Finishing Pretreatment Standards

September 1986 800-R-86-001 PB92-232024 W117

Guidance Manual for POTW Pretreatment
Program Development

October 1983 -- PB93-186112 W639

Guidance Manual for POTWs to Calculate the
Economic Benefit of Noncompliance

September 1990 833-B-93-007 -- --

Guidance Manual for Preparation and Review
of Removal Credit Applications

July 1985 833-B-85-200 -- --

Guidance Manual for Preventing Interference
at POTWs

September 1987 833-B-87-201 PB92-117969 W106
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TITLE DATE EPA Number NTIS Number ERIC
Number
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Guidance Manual for Pulp, Paper, and
Paperboard and Builders’ Paper and Board
Mills Pretreatment Standards

July 1984 -- PB92-231638 W196

Guidance Manual for the Control of Wastes
Hauled to Publicly Owned Treatment Works 

September 1999 833-B-98-003

Guidance Manual for the Identification of
Hazardous Wastes Delivered to Publicly
Owned Treatment Works by Truck, Rail, or
Dedicated Pipe

June 1987 -- PB92-149251 W202

Guidance Manual for the Use of Production-
Based Pretreatment Standards and the
Combined Wastestream Formula

September 1985 833-B-85-201 PB92-232024 U095

Guidance Manual on the Development and
Implementation of Local Discharge
Limitations Under the Pretreatment Program

December 1987 833-B-87-202 PB92-129188 W107

Guidance on Evaluation, Resolution, and
Documentation of Analytical Problems
Associated with Compliance Monitoring

June 1993 821-B-93-001 -- --

Guidance to Protect POTW Workers From
Toxic And Reactive Gases And Vapors

June 1992 812-B-92-001 PB92-173236 W115

Guides to Pollution Prevention: Municipal
Pretreatment Programs

October 1993 625-R-93-006 -- --

Industrial User Inspection and Sampling
Manual For POTWs

April 1994 831-B-94-001 PB94-170271 W305

Industrial User Permitting Guidance Manual September 1989 833-B-89-001 PB92-123017 W109

Model Pretreatment Ordinance June 1992 833-B-92-003 PB93-122414 W108

Multijurisdictional Pretreatment Programs:
Guidance Manual

June 1994 833-B-94-005 PB94-203544 W607

National Pretreatment Program: Report to
Congress

July 1991 21-W-4004 PB91-228726 W694

NPDES Compliance Inspection Manual September 1994 300-B-94-014 -- --

POTW Sludge Sampling and Analysis
Guidance Document

August 1989 833-B-89-100 -- --

Prelim User’s Guide, Documentation for the
EPA Computer Program/Model for
Developing Local Limits for Industrial
Pretreatment Programs at Publicly Owned
Treatment Works, Version 5.0 

January 1997 -- -- --

Pretreatment Compliance Inspection and
Audit Manual For Approval Authorities

July 1986 833-B-86-100 PB90-183625 W277

Pretreatment Compliance Monitoring and
Enforcement Guidance and Software (Version
3.0)

(Manual)
September 1986
(Software)
September 1992 

(Software)
831-F-92-001

(Software)
PB94-118577

(Software)
W269
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Procedures Manual for Reviewing a POTW
Pretreatment Program Submission

October 1983 833-B-83-200 PB93-209880 W137

Procuring Analytical Services: Guidance for
Industrial Pretreatment Programs 

October 1998 833-B-98-004

Region III Guidance for Setting Local Limits
for a Pollutant Where the Domestic Loading
Exceeds the Maximum Allowable Headworks
Loading 

June 1994

Protecting the Nation's Waters Through
Effective NPDES Permits: A Strategic Plan
FY 2001 and Beyond 

June 2001 833-R-01-001

RCRA Information on Hazardous Wastes for
Publicly Owned Treatment Works

September 1985 833-B-85-202 PB92-114396 W351

Report to Congress on the Discharge of
Hazardous Wastes to Publicly Owned
Treatment Works

February 1986 530-SW-86-004 PB86-184017 &
PB95-157228

W922 &
W692

Supplemental Manual On the Development
And Implementation of Local Discharge
Limitations Under The Pretreatment Program

May 1991 21W-4002 PB93-209872 W113

Source: U.S. EPA’s Introduction to the National Pretreatment Program, EPA-833-B-98-002, February 1999, pp. 
51-52.

OBTAINING PUBLICATIONS

National Environmental Publications Information (NEPI)

The National Environmental Publications Information (NEPI) home page at www.epa.gov/cincl/ is
EPA's largest electronic documents site and includes search, view, and print features, including full
images of all original pages and full-text, from a collection of over 6,000 documents.  This
collection includes many documents that are no longer available in print form.

Office of Water Resource Center (WRC)

Documents are also available through the Office of Water Resources Center (WRC).  The WRC is a
contractor operated facility that provides library and information services to the public and to EPA staff
on Office of Water programs.  The Center maintains a protected reference file consisting of all
documents that have been published by the Office of Ground Water and Drinking Water, the Office of
Science and Technology, and the Office of Wastewater Management in the Office of Water. 

Many publications are distributed compliments of the U.S. Environmental Protection Agency's Office of
Wastewater Management (OWM).  EPA distributes one free copy of each publication to each customer
until supplies are depleted. 

The National Publications Catalog is available on line at www.epa.gov/ncepihom/catalog.html. 
Publication titles are listed alphabetically under different subject categories. For each title you will find
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listed (if available): 
EPA Number --------- 
NTIS Number -------- 
ERIC Number -------- 

These are the accession numbers by which a document is identified. The EPA number is a document's
unique identifying number and should be used when ordering the document from the EPA. 

To check on the current availability of a publication, contact WRC at: 

Mailing address: U.S. Environmental Protection Agency 
The Office of Water Resource Center (WRC) 
Mail Code 4100
401 M Street, SW 
Washington, DC 20460

Telephone: (202) 260-7786

E-mail: waterpubs@epamail.epa.gov

Business hours: The Office of Water Resource Center (WRC) 
Room 2615 East Tower, Basement
Hours of operation: 8:30 a.m. - 5:00 p.m. EST, Monday - Friday.

When requesting a document from the EPA, please allow three to four weeks for delivery.
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When EPA's supply of a publication is depleted, requestors are referred to either the National Technical
Information Service (NTIS) or the Educational Resources Information Center (ERIC). These clearinghouses
provide copies of publications for a fee. Both NTIS and ERIC assign unique identifying numbers to each
document they distribute. Customers should use these numbers when ordering documents from either NTIS
or ERIC.

National Technical Information Service (NTIS)

The National Technical Information Service (NTIS), a self-supporting branch of the Department of
Commerce, collects, archives, and reproduces documents from a variety of government agencies including
the Environmental Protection Agency.

NTIS is the central source for government-sponsored U.S. and worldwide scientific, technical, engineering,
and business-related information. As a self-supporting agency of the U.S. Department of Commerce's
Technology Administration, NTIS covers its business and operating expenses with the sale of its products
and services.

Ordering Information

Telephone Orders: Sales Desk: 1-800-553-NTIS or (703) 605-6000, 8 a.m. - 8 p.m., EST, M-F.
Subscriptions: (703) 605-6060 -- 8:30 a.m. - 5:00 p.m. EST, M-F. 

TDD (hearing impaired only): (703) 605-6043 -- 8:30 a.m. - 5:00 p.m., EST, M-F. 

RUSH Service (available for an additional fee)

Mail Orders: Send orders to: NTIS, 5285 Port Royal Road, Springfield, VA 22161 

Fax Orders: (703) 321-8547 

E-mail Orders: orders@ntis.fedworld.gov 

NTIS OrderNow®: A free service to locate and order online the most recently added products in the
NTIS collection. OrderNow provides both secure and standard ordering options for
order charged to a credit card or and NTIS Deposit Account. 

QuikSERVICE: Know the cost in advance, availability restrictions, and the approximate time of
shipment. The $3.00 handling fee is waived. For information and an application,
call (703) 487-4650 and ask for the free brochure PR-846.

Online Services:DIALOG (The DIALOG Corporation): 1-800-334-2564 
DATA-STAR (The DIALOG Corporation): 1-800-221-7754 
OCLC: 1-800-848-5800 
STN International/CAS: 1-800-848-6533 
STN International/CAS in Ohio: 1-800-848-6538
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Payment Options

Credit Card
VISA, MasterCard, American Express, and Discover 

Check or Money Order
Payable to NTIS in U.S. dollars drawn on: a U.S. bank; an international bank with a U.S. address
on the check; or a Canadian bank.

NTIS Deposit Account
Debit account service available for $5 per quarter.
For additional information, please call (703) 605-6630.

Bill Me
(U.S., Canada, and Mexico only) NTIS will gladly bill your order, for an additional fee of $10.00
(effective August 15, 1997).  A request to be billed must be on a purchase order or company
letterhead. An authorizing signature, contact name, and telephone number should be included with
this request.  Requests may be mailed or faxed. 

Shipping and Handling

Domestic Shipping
All regular U.S. orders are shipped either by express delivery or USPS first class, depending on
destination and shipping weight. 

NTIS Handling Fee
Effective January 1, 1997, NTIS implemented a new single flat-rate handling fee of $4 per total
order for delivery to any location in the United States, Canada, or Mexico. 

Handling Fee does not apply to RUSH Service, SRIM, Subscriptions, and orders picked up at the NTIS
Bookstore in Springfield, VA. Documents downloaded directly from FedWorld are exempt while all
other documents ordered from FedWorld or the NTIS Web site are subject to the handling fee.
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Educational Resources Information Center (ERIC)

The Educational Resources Information Center (ERIC) is a national information system designed to provide
users with ready access to an extensive body of education-related literature. ERIC, established in 1966, is
supported by the U.S. Department of Education, Office of Educational Research and Improvement, and the
National Library of Education.

If a publication has an ERIC Document (ED) number, you can find a copy at any one of the more than 900
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ERIC Document Reproduction Service (1-800-443-ERIC), or e-mail them. Also, EDRS is currently BETA
testing Online Document delivery. These documents are currently available in the CPC format and Adobe
Portable Document Format (PDF). For publications that are not available from ERIC, the abstract will
include information on where you can obtain a copy.
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Electronically:
http://www.aspensys.com/eric/catalog/order.html

Fax:
(301) 519-6760
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Documents may also be available from the National Center for Environmental Publications and Information
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Mail orders: National Center for Environmental Publications & Information 
11029 Kenwood Road 
Cincinnati, OH 45242 

Online: NCEPI Interactive Form  
11029 Kenwood Road 
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APPENDIX M - 

HAULED WASTE LOADINGS

SEPTAGE HAULER MONITORING DATA

Pollutant
Number of
Detections

Number of
Samples

Minimum
Concentration

(mg/L)

Maximum
Concentration

(mg/L)

Average
Concentration

(mg/L)

INORGANICS

Arsenic 144 145 0 3.5 0.141

Barium 128 128 0.002 202 5.758

Cadmium 825 1097 0.005 8.1 0.097

Chromium (T) 931 1019 0.01 34 0.49

Cobalt 16 32 < 0.003 3.45 0.406

Copper 963 971 0.01 260.9 4.835

Cyanide 575 577 0.001 1.53 0.469

Iron 464 464 0.2 2740 39.287

Lead 962 1067 < 0.025 118 1.21

Manganese 5 5 0.55 17.05 6.088

Mercury 582 703 0.0001 0.742 0.005

Nickel 813 1030 0.01 37 0.526

Silver 237 272 < 0.003 5 0.099

Tin 11 25 < 015 1 0.076

Zinc 959 967 < 0.001 444 9.971

NONCONVENTIONALS

COD 183 183 510 117500 21247.951

ORGANICS

Acetone 118 118 0 210 10.588

Benzene 112 112 0.005 3.1 0.062

Ethylbenzene 115 115 0.005 1.7 0.067

Isopropyl Alcohol 117 117 1 391 14.055

Methyl Alcohol 117 117 1 396 15.84

Methyl Ethyl Ketone 115 115 1 240 3.65

Methylene Chloride 115 115 0.005 2.2 0.101

Toluene 113 113 0.005 1.95 0.17

Xylene 87 87 0.005 0.72 0.051
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Source: U.S. EPA’s Supplemental Manual on the Development and Implementation of Local Discharge
Limitations Under the Pretreatment Programs, 21W-4002, May 1991, pp.  1-27 and 1-28.
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APPENDIX N - 

POTW CONFIGURATIONS

At this WWTP a trickling filter and an activated sludge system (aeration basin) operated in parallel provide
secondary treatment of the raw wastewater.  The concentration of a pollutant that could cause inhibition at
the trickling filter may be different than the pollutant concentration that causes inhibition (known as the
inhibition threshold level) at the aeration basin.  An AHL (to prevent inhibition) should be determined for
each of these biological unit processes.

Where:
LSEC = Allowable influent loading to secondary treatment, lbs/day
CCRIT = Threshold inhibition criteria, mg/l
QPOTW = POTW flow, MGD
RSEC  = Removal efficiency  from headworks to secondary treatment influent as a decimal (Please see
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Section 5.1.1 for calculating removal efficiencies) 
8.34 = Unit conversion factor.

The above equation would be used twice: once to calculate the inhibition AHL for the trickling filter (AHL
inhibition tf) and once to calculate the inhibition AHL for the aeration basin (AHL inhibition ab).  The CCRIT in the
equation may be different in the two calculations; all other variables in the equation would be the same in the
two calculations.  The AHL inhibition tf and the AHL inhibition ab would be compared and the more stringent
selected.

Influent to the primary clarifier consists of the raw wastewater entering the headworks of the WWTP and
filtrate from the belt filter press and decant from the gravity thickener.  Data from both sampling locations
“B” and “C” is used to determine the actual loading to the primary clarifier.    However, headworks loading
data (from sampling location “A”) and primary clarifier effluent loading data (from sampling location “D) is
employed to calculate RSEC, the removal efficiency from headworks influent to secondary treatment influent. 
  
Sampling Locations

A - Raw wastewater - measures loading into the WWTP from collection system (IU, residential,
commercial).  Pollutant concentration data and wastewater flow data from this location determines
the actual loading to compare against MAHLs.  Data from this location paired with data from
sampling location “G” is used to determine overall WWTP pollutant removal efficiencies.

B - Influent to primary clarifier (raw wastewater with belt filter press sidestream).  This sampling
location measures the loading to the primary clarifier from the raw wastewater and belt filter press
sidestream.  Data from this location and sampling location “C” determines the actual loading to the
primary clarifier.

C - Gravity thickener decant sidestream to primary clarifier.  The data from this sampling location and
sampling location “B” is needed to determine the loading to the primary clarifier.  

D - Effluent from primary clarifier.  This sampling location can be used to measure the influent to
trickling filter and aeration basin (however, aeration basin also has additional pollutant loading from
the RAS sidestream).  If the flow to the trickling filter and the flow to the aeration basin are different
the loading to each will be different. The data from this sampling location and the data from
sampling location  “A” is employed to calculate RSEC, the removal efficiency from headworks
influent to secondary treatment influent. 

E - Return activated sludge sidestream.  Pollutant concentration data and wastewater flow data from this
location determines the loading from the RAS sidestream to the aeration basin.  The data from this
sampling location and sampling location “D” is needed to determine the total actual loading to the
aeration basin.  

F - Sludge wastestream from gravity thickener to digester.  Data from this sampling location measures
the pollutant loading to the digester.

G - Final effluent to receiving water.  NPDES effluent compliance sampling location.  If chlorination is
generating chlorinated compounds not found in influent, POTW could sample effluent from final
clarifiers prior to chlorine contact chamber.
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H - Sludge wastestream to disposal.  Sludge standard compliance sampling location.

Sampling locations B, C, D, E, and F would not be needed if there is no concern about inhibition.
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Secondary treatment
(e.g., activated sludge, trickling filter)

Diagram B

At this WWTP a standard rate trickling filter, a high rate trickling filter, and rotating biological contactors
(RBCs) operated in parallel provide secondary treatment of the raw wastewater.  Each of these biological
units is preceded by a primary clarifier.  An AHL (to prevent inhibition) should be determined for each of
these biological unit processes because:

C The concentration of a pollutant that could cause inhibition at the trickling filter may be different than the
pollutant concentration that causes inhibition (known as the inhibition threshold level) at the aeration
basin. 

C The design and operational loadings to each of the biological units are different and therefore the flows to
each of the biological units are different. 

C The primary clarifiers may have different removal efficiencies and therefore the pollutant concentrations to
each of the biological units may be different.
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Where:
LSEC = Allowable influent loading to secondary treatment, lbs/day
CCRIT = Threshold inhibition criteria, mg/l
QPOTW = POTW flow, MGD
RSEC = Removal efficiency  from headworks to secondary treatment influent as a decimal (Please see
Section 5.1.1 for calculating removal efficiencies) 
8.34 = Unit conversion factor.

The above equation would be used three times: to calculate the inhibition AHL for the standard rate trickling
filter (AHL inhibition stf), to calculate the inhibition AHL for the high rate trickling filter (AHL inhibition htf), and to
calculate the inhibition AHL for the RBCs (AHL inhibition rbc).  The CCRIT and RSEC  in the equation may be
different in the three calculations; all other variables in the equation would be the same.  The AHL inhibition stf ,
the AHL inhibition htf, and the AHL inhibition rbc would be compared and the most stringent selected.

The solids from the secondary clarifiers and decant from the gravity thickener are returned to the wet well
where the wastewater flow is divided among the three primary clarifiers.  Data from sampling locations “A”
and “C” is used to calculate the removal efficiency from headworks to  the standard rate trickling filter
influent, RSEC  , used in the above equation.  Data from sampling locations  “A”and “E” is used to calculate
the removal efficiency from headworks to  high rate trickling filter influent, RSEC  , used in the above
equation.  Data from sampling locations  “A”and “G” is used to calculate the removal efficiency from
headworks to  RBCs influent, RSEC  , used in the above equation.  

Sampling Locations

A - Raw wastewater - measures loading into the WWTP from collection system (IU, residential,
commercial).  Pollutant concentration data and wastewater flow data from this location determines
the actual loading to compare against MAHLs.  Data from this location paired with data from
sampling location “I” is used to determine overall WWTP pollutant removal efficiencies.

B - Influent to primary clarifier #1 (raw wastewater with solids from the secondary clarifiers and decant
from gravity thickener sidestreams).  This sampling location measures the loading to primary
clarifier # 1 from the raw wastewater and solids from the secondary clarifiers and decant from the
gravity thickener sidestreams.  Data from this location and sampling location “C”  is used to
determine the pollutant removal efficiencies of primary clarifier #1.

C - Influent to standard trickling filter.   The data from this sampling location and sampling location 
“A”is used to determine the pollutant removal efficiencies from headworks to  standard trickling
filter influent, RSEC .  This sampling location can be used to measure the loading to the standard rate
trickling filter.

D - Influent to primary clarifier #2 (raw wastewater with solids from the secondary clarifiers and decant
from gravity thickener sidestreams).  This sampling location measures the loading to primary
clarifier #2 from the raw wastewater and solids from the secondary clarifiers and decant from the
gravity thickener sidestreams.  The data from this sampling location and the data from sampling
location “E” is used to determine the pollutant removal efficiencies of primary clarifier #2.

E - Influent to high rate trickling filter.  The data from this sampling location and sampling location 
“A”is used to determine the pollutant removal efficiencies from headworks to  high rate trickling
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filter influent, RSEC . This sampling location can be used to measure the loading to the high rate
trickling filter.

F - Influent to primary clarifier #3 (raw wastewater with solids from the secondary clarifiers and decant
from gravity thickener sidestreams).  This sampling location measures the loading to primary
clarifier #3 from the raw wastewater and solids from the secondary clarifiers and decant from the
gravity thickener sidestreams.  The data from this sampling location and the data from sampling
location “G” is used to determine the pollutant removal efficiencies of primary clarifier #3.

G - Influent to RBCs.  The data from this sampling location and sampling location  “A”is used to
determine the pollutant removal efficiencies from headworks to  RBCs influent, RSEC . This sampling
location can be used to measure the loading to the rotating biological contactors (RBCs).

H - Sludge wastestream from the three primary clarifiers to primary digester.  Data from this sampling
location measures the pollutant loading to the digester.

I - Final effluent to receiving water.  NPDES effluent compliance sampling location.  If chlorination is
generating chlorinated compounds not found in influent, POTW could sample effluent from final
clarifiers prior to chlorine contact chamber.

J - Sludge wastestream to disposal.  Sludge standard compliance sampling location.

Sampling locations B, C, D, E, F, and G would not be needed if there is no concern about inhibition.

A sampling location at the wet well prior to distribution to the three clarifiers would eliminate the need to
collect and analyze samples from sampling locations B, D, and F.  However, flow from sampling locations
B, D, and F would be needed to determine the different loadings to each primary clarifier and biological unit
(standard rate trickling filter, high rate trickling filter, and RBCs).

If the removal efficiency across each of the biological units is needed, sampling locations after each of the
secondary clarifiers would need to be established.
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At this WWTP three activated sludge units (aeration basins) operated in series provide secondary treatment
of the raw wastewater.  The concentration of a pollutant entering the First Stage Aeration Basin would be
different from the concentration of that pollutant entering the Second Stage Aeration Basin and the Third
Stage Aeration Basin because of the removal occurring in each unit. An AHL (to prevent inhibition) should
be determined for each of these biological unit processes.

Where:
LSEC = Allowable influent loading to secondary treatment, lbs/day
LTER  = Allowable influent loading to tertiary treatment, lbs/day
CCRIT = Threshold inhibition criteria, mg/l
QPOTW = POTW flow, MGD
RSEC = Removal efficiency  from headworks to secondary treatment influent as a decimal (Please see
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Section 5.1.1 for calculating removal efficiencies) 
RTER = Removal efficiency from headworks to tertiary treatment influent as a decimal (Please see
Section 5.1.1 for calculating removal efficiencies) 
8.34 = Unit conversion factor.

The first equation above would be used to calculate the inhibition AHL for the First Stage Aeration Basin
(AHL inhibition 1ab).  The second equation would be used twice: once to calculate the inhibition AHL for the
Second Stage Aeration Basin (AHL inhibition 2ab) and once to calculate the inhibition AHL for the Third Stage
Aeration Basin (AHL inhibition 3ab).  The RSEC in the second equation would be different in the two calculations
using this equation; all other variables in the equation would be the same.  The AHL inhibition 1ab, the AHL
inhibition 2ab, and the AHL inhibition 3ab would be compared and the most stringent selected.

Data from sampling locations “A” and “C” is used to determine the removal efficiency from headworks to
First Stage Aeration Basis influent, RSEC in the first equation above for calculating the AHL inhibition 1ab . 
Data from sampling locations “A” and “E” is used to determine the removal efficiency from headworks to
Second Stage Aeration Basin influent, RTER,  in the second equation above for calculating the AHL inhibition 2ab. 
Data from sampling locations “A” and  “G” is used to determine the removal efficiency from headworks to
Third Stage Aeration Basin influent, RTER,   in the second equation above for calculating the AHLinhibition 3ab. 

Sampling Locations

A - Raw wastewater - measures loading into the WWTP from collection system (IU, residential,
commercial).  Pollutant concentration data and wastewater flow data from this location determines
the actual loading to compare against MAHLs.  Data from this location paired with data from
sampling location “F” is used to determine overall WWTP pollutant removal efficiencies.  Data from
this location and sampling location “B”  is used to determine the pollutant removal efficiencies of the
primary clarifier.

B - Effluent from the primary clarifier.  The data from this sampling location and sampling location “A”
is used to determine the pollutant removal efficiencies of the primary clarifier.

C - Influent to First Stage Aeration Basin (primary clarifier effluent and waste activated sludge and
decant from gravity thickener sidestreams).  This sampling location measures the loading to the First
Stage Aeration Basin from the primary effluent and the waste activated sludge and decant from the
gravity thickener sidestreams.  The data from this sampling location and the data from sampling
location “A” is used to determine the pollutant removal efficiencies from headworks to First Stage
Aeration Basis influent, RSEC. .

D - Effluent from First Stage Clarifier. The data from this sampling location and the data from sampling
location “C” is used to determine the pollutant removal efficiencies of the First Stage Aeration
Basin.

E - Influent to Second Stage Aeration Basin (First Stage Clarifier effluent and waste activated sludge
sidestream).  This sampling location measures the loading to the Second Stage Aeration Basin from
the First Stage Clarifier effluent and the waste activated sludge sidestream.  The data from this
sampling location and the data from sampling location “A” is used to determine the pollutant
removal efficiencies from headworks to Second Stage Aeration Basis influent, RTER. .
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F - Effluent from Second Stage Aeration Basin. The data from this sampling location and the data from
sampling location “E” is used to determine the pollutant removal efficiencies of the Second Stage
Aeration Basin.

G - Influent to Third Stage Aeration Basin (Second Stage Clarifier effluent and waste activated sludge
sidestream).  This sampling location measures the loading to the Third Stage Aeration Basin from
the Second Stage Clarifier effluent and the waste activated sludge sidestream.  The data from this
sampling location and the data from sampling location “A” is used to determine the pollutant
removal efficiencies from headworks to Third Stage Aeration Basis influent, RTER.. .

H - Final effluent to receiving water.  NPDES effluent compliance sampling location.  If chlorination is
generating chlorinated compounds not found in influent, POTW could sample effluent from final
clarifiers prior to chlorine contact chamber.

I - Sludge wastestream to disposal.  Sludge standard compliance sampling location.
 
Sampling locations B, C, D, E, F, and G would not be needed if there is no concern about inhibition.
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APPENDIX O - 

STATISTICAL APPROACH TO DETERMINING SAMPLING

FREQUENCY

The use of statistical analyses can help establish an acceptable minimum number of samples needed to
adequately represent a population of metals in a facilities’ influent and effluent at an acceptable confidence
level.

The procedure for establishing an acceptable minimum number of samples is calculated using the technique
described in: Statistical Methods for Environmental Pollution Monitoring (Gilbert, 1987).  This text is
frequently cited in environmentally-related statistical work.  The method utilizes Equation 1 to calculate the
sample size required to estimate the true mean of a population, based on the coefficient of variation, a
confidence level, and a relative error.
 

n = (Z1-"/20/dr)
2 Eq. 1

where,
n = sample size required for estimating the true mean, :
Z1-"/2 = normal deviate of desired confidence level
0 = coefficient of variation
dr = relative error.

The coefficient of variation is determined by Equation 2.

                                                                     0 = s/0 Eq. 2
 
where, 
s = standard deviation
0 = mean.

The sample standard deviation is determined by Equation 3. 

Eq. 3

The mean and standard deviation used above should be taken from an acceptable past available sample.
Both an acceptable confidence level and an acceptable relative error must be selected, each of which will
vary depending on the type of pollutant being measured.  Selection of both levels should be determined by
the POTW based on the situation.  The confidence level expresses the certainty of the estimated mean while
the relative error indicates the accuracy of the estimated mean compared to the true mean.    
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Table 1-1 is an example matrix which applies Equation 1 to calculate sample size.

   Table 1-1.  Sample Sizes Required for Estimating the True Mean

Confidence Relative

Level Error Coefficient of Variation (0)

(1-") (dr) 0.10 0.50 1.00 1.50 2.00

0.80
(Z0.90 = 1.28)

0.10 2 42 165 370 657

0.25 - 7 27 60 106

0.50 - 2 7 15 27

1 - - 2 4 7

0.95
(Z0.975 = 1.96)

0.10 4 97 385 865 1,53

0.25 - 16 62 139 246

0.50 - 4 16 35 62

1 - - 4 9 16

As shown in Table 1-1 establishing the number of samples needed to estimate the true mean is critically
dependent on a data set’s coefficient of variation (CV). 

For example, a past, reliable sample produced a data set with standard deviation of 2 mg/L and a mean of 2
mg/L, resulting in CV equal to one.  If a confidence level of 0.80 (with a corresponding Z1-"/2=1.28) and a
relative error of 0.25 are determined to be adequate, then Equation 1 is used as follows:

n = (1.28 * 1 / .25)2 = 26.21

The sample size must then be rounded to the next whole number, in this case, 27.  The 27 samples may be
taken throughout the year if desired, or as determined by the POTW.  In the case of taking the samples
throughout the year, the POTW might take two samples per month and an additional three samples at
random times during the year.  One sample may be evaluated for multiple contaminants; however, each
location would need to be sampled independently.

Under these conditions, there would be 80% confidence that the estimated mean from 27 samples (as
illustrated in Table 1-1) would be within + 25% of the true mean. Therefore, if the estimated mean is 4
mg/L, there would be 80% confidence that the true mean is within the interval of 3 to 5 (i.e., 4 + 1).  If a
confidence level of 0.95 and relative error of 0.10 were desired, the number of samples would increase
substantially.  Under these conditions, there would be 95% confidence that the estimated mean from 385
samples (as illustrated in Table 1-1) would be within  + 10% of the true mean.  Therefore, if the estimated
mean was 2 mg/L, there would be 95% confidence that the true mean was within the interval of 1.8 to 2.2
(i.e., 2 + 0.2).

Source: SAIC.  1998.  POTW Metals Analysis Project, Task 3 Deliverable to U.S. EPA Region VIII, EPA,
Contract No. 68-C4-0068; Work Assignment Number PS-3-1, SAIC Project Number  01-0833-08-
2696-800, August 25, 1998.
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APPENDIX P - 

METHODS FOR HANDLING DATA BELOW DETECTION LEVEL

The occurrence of values below the detection limit (DL) in environmental data sets is a major statistical
complication.  Uncertainty about the actual wastewater treatment plant influent and effluent values below
the DL can bias subsequent statistical analyses to determine the removal efficiencies.

The various approaches to handling below detection level (BDL) data can be broken into three main
categories:

C Regression order statistic (ROS) and probability plotting (MR) methods 
C Maximum likelihood estimation (MLE) methods  
C Simple replacement of a single value (e.g., detection limit or one half detection limit).  

Regression Order Statistic (ROS) and Probability Plotting (MR) Methods

Both the original ROS and the MR methods are based on ordered statistics of observed data and the
assumption that data come from a normal or log-normal distribution.  If Y is from a normal distribution with
mean µ and standard deviation σ (Y ~ N(µ, σ)) and Z is from a normal distribution with mean 0 and
standard deviation 1 (Z ~ N(0, 1)), statistical theories show that Y = µ + σ Z when Y and Z are at the same
percentiles in their respective distributions.  For a given observation Y that is above the detection limit, we
can calculate the “order statistic”, i.e., the proportion of observations that are less than Y.  This order
statistic of Y is an estimate of the percentile.  The corresponding Z value is available by either using existing
computer program or checking the normal distribution table.  In other words, we have a list of observations
that are above the detection limit (Y1, Y2, ..., Ym) and a list of Z values (Z1, Z2, ..., Zm) that are of the same
percentiles as the respective Y values.  By performing a regression analysis of Y against Z, the resulting
intercept and slope are estimates of the mean and standard deviation of the distribution of Y.  
When the data are from a log-normal distribution, a log transformation is needed before the regression.  The
estimated mean and standard deviation is for the log-transformed variable.  To convert the estimates to the
original metric, the standard log-normal distribution results should be used.  For example, if Y is from a log-

normal distribution, and estimated mean and variance for log(Y) are µ and σ, the mean of Y is and thee
µ σ

+
2

2

variance of Y is .( )e e2 2 2

1µ σ σ+ −

Alternatively, one may use the regression equation to “fill-in” the missing (BDL) values.  This is possible
because we can calculate the order statistics for all BDL values.  For example, suppose we have 20 out of
100 observations are BDL.  The order statistics for the 20 BDL values are 0.01, 0.02, ..., 0.20.  Using these
order statistics, we can get the corresponding Z values Z1, Z2, ..., Z20.  Substitute these Z values into the
regression model, we have the 20 fill-in Y values. 

To recap, we first define the variables used in this method:

n = total number of observations
k = number of BDL observations
Yi - the value of the ith ranked observation
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To utilize the ROS method, data are first ranked from smallest to largest so that Yn is the largest data value
and Y1 through Yk are the unknown values below the BDL.  If an approximately normal distribution is
expected, each Yi is plotted on the y-axis against the expected normal order statistic Zi for each rank i.  The
following linear regression is used to obtain µ and σ, using only the points above the DL (i.e., i = k+1,...,n).

Yi = µ + σ Zi

One may use the estimated intercept and slope as the mean and standard deviation.  Alternatively, one may
use the above equation to obtain appropriate “fill-in” values for each of the k BDLs using the Z-statistic. 
The mean and standard deviation are then calculated using traditional formulas applied to both the observed
and filled-in data.  Thus, the estimated data are based on the assumption of normality, while the observed
data are used directly with no assumption about their distribution.  This method is relatively robust to
departures from normality or lognormality (Gilliom and Helsel 1986).

If a distribution is expected to be skewed, then log(Yi) is plotted against Zi and the fitted data and the
observed data are transformed back to original units from which the mean and standard deviation are
calculated (Gilliom and Helsel 1986).  Transformation of the data, rather than the summary statistics,
avoids inherent transformation bias (Helsel 1990).

MR Method

The MR method, an extension of the ROS method, accounts for multiple detection limits.  When there is
only one detection limit, the k-BDL values are assigned order statistics of 1 through k. When there are
multiple detection limits, it is not obvious how to assign the order statistic for some of the data, both below
or above some detection limits.  For example, suppose we have the following five observations: <100, 110,
<200, 250, and 300.  It is obvious that the two largest observations, 250 and 300 should receive order
statistics of 4 and 5.  But the rest is not clear, since the value labeled as <200 can be 199 or 9.  Helsel and
Cohn (1988) developed a plotting position method for assigning order statistics when there are multiple
detection limits.  The idea is that although we don’t know exactly where the value, say <200, should fall, we
can lay out all possible positions for this particular value and take the average rank of all possible ranks. 
For example, the value labeled as <200 can be the smallest (rank 1), the second smallest (rank 2), or the
third smallest (rank 3), the average rank is (1+2+3)/3 = 2.  The value 110 can be the second smallest or the
third smallest, therefore a rank of (2+3)/2 = 2.5.  Finally, the observation  <100 receives a rank of
(1+2)/2=1.5.  Once the order statistics are assigned, one may use the same regression analysis method in the
ROS method.  When there is only one detection limit, the MR method is the same as the ROS method.  

Helsel and Cohn (1988) found that if a single estimating method for several descriptive statistics is desired
and the sampling distribution of a data set is unknown, the MR method should be utilized.   The actual
plotting procedure for the MR method is detailed in Appendix B of Estimation of Descriptive Statistics for
Multiple Censored Water Quality Data (Helsel and Cohn, 1988).

Maximum Likelihood Estimation (MLE) Method

The MLE method is based on a specific probabilistic assumption about the observations.  For example,
suppose the data we observed (Y1, Y2, ..., Yn) are from a normal distribution with unknown mean and
standard deviation.  The likelihood of observing a specific value, say Yi, is calculated by the normal
distribution density function:
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The likelihood of observing all the data (Y1, Y2, ..., Yn), both below and above the detection limit is the
product of all individual likelihoods.  The likelihood of observing all data is a very complicated function of µ
and σ.  A different set of µ and σ values will lead to a different likelihood value.  The maximum likelihood
estimator is the pair of µ and σ values that maximize the likelihood function.  Because the likelihood
function is often very complicated, computation of the MLE method is difficult.

Gilliom and Helsel (1986) found that the ROS and the MR methods appear to be more robust to departures
from distributional assumptions. 

MLE methods have been shown to have the smallest mean-squared error (i.e., higher accuracy) of available
techniques when the data distribution is exactly normal or lognormal (Harter and Moore 1966).   However,
simulation results indicate that ROS and MR methods are superior when distribution shape population is
unknown (Gilliom and Helsel 1986).

In a simulation study by Newman et al. (1989) comparing mean and standard deviation estimates between
MLE and ROS, the results were similar.  However, the MLE method provided slightly more accurate results
when BDL values comprised less than 30 percent of the data set, while ROS methods provided slightly more
accurate results when BDL values represented 30 percent or more. 

Simple Substitution Methods

Simple substitution methods simply replace the below detection value with another value, such as zero, the
detection limit, or one-half the detection limit.  Both ROS and MLE methods offer substantial advantages
over most simple replacement methods (Gilbert 1987, Gleit 1985, Helsel and Gilliom 1986, Newman et
al.1989).  

In general, replacement methods result in a greater bias when calculating the mean or standard deviation. 
Additionally, their relative performance worsens as the proportion of BDLs increases (Gilliom and Helsel
1986).  Helsel (1989) reasons that because large differences may occur in the resulting estimates for any
given population, and because the choice of the replacement value is essentially arbitrary without some
knowledge of instrument readings below the reporting limit, estimates resulting from simple substitution are
not defensible.

Conclusion

The MR method is most applicable for use in local limits development because of the data set’s multiple
detection limits and unknown parent distribution.  Additionally, the MR method is recommended when the
data set contains a relatively high percentage of BDL values.  

Further information on statistical methods can be found in the literature listed below.
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Attachment - Description of the MR Method

Method:

(1) If an analytical result is reported as ND (to be referred to as a nondetect), set the result ci = 1. 
Annotate the result with a "<" and consider this observation to be "< a detection limit".

(2) Divide the observations into two groups: Nondetects, those observations annotated with a "<" sign,
and detects.

(3) Let m = number of distinct detection limits.

(4) Let Aj = number of detected observations at or above the jth detection limit (j = 1,...,m) and below
the next highest detection limit.

(5) Let Bj = number of detected and nondetected observations below the jth detection limit (j = 1,...,m).

(6) Let pe,j = pe,j+1 + (Aj/[Aj + Bj])(1 - pe,j+1), and solve iteratively for j = m,m-1,...,2,1.  By convention,
pe,m+1 = 0.

(7) Determine plotting positions, p(i), for detected observations as:

p(i) = (1 - pe,j) + (pe,j - pe,j+1)@r/(Aj + 1), where r is the rank of the ith observation above the jth
detection limit.  If detected observations are "tied," arbitrarily order the "tied" observations before
assigning ranks.  Whether the "tied" observations are arbitrarily ordered or assigned the same
midrank (average of the corresponding ranks) is expected to be of negligible importance.  If detected
observations are present below the lowest detection limit, assume the "0th detection limit" is 0, and
consequently pe,0 = 1.

(8) Assign plotting positions, pc(i), for nondetected observations as:

pc(i) = (1- pe,j)@r/(Cj + 1), r = 1,...,Cj.  Cj is the number of nondetected values known only to be less
than the jth detection limit (j = 1,...m).  The formula for Cj is:  Cj = Bj - (Aj-1 + Bj-1), where A0 = B0

= 0.  Plotting positions are therefore assigned separately within the j groups of nondetects
(j=1,...,m).

(9) Perform a simple linear regression using only the detected observations.  The natural logarithm of
the detected observations (zi = ln(yi)) is the dependent variable, and the normal quantile associated
with the corresponding plotting position (M-1(p(i))) is the independent variable, where M-1(@) is the
normal quantile.

(10) Use the estimated regression line (z^ i = b^ 0 + b^ 1@M
-1(pc(i))) to "fill in" (using the terminology of Helsel

and Cohn) estimated natural logarithm values for nondetected observations, based on the normal
quantile associated with the calculated plotting position (pc(i)).

(11) Calculate a natural log mean (:̂) and log standard deviation (F̂) of the detected and "filled in"
observations using the formulas below.  Assume zi = ln(yi), where zi represents the natural
logarithm of detected observations where available, and "filled in" estimated natural logarithm
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(1)

(2)

values where nondetects were observed.

(12) Use the values of :^  and F^  to estimate a 90th percentile using a lognormal distribution:  P90 = exp (:^

+ 1.282@F^ ).

An example of the MR method is given below.

Comments:

Although the algorithm for determining plotting positions when multiple detection limits are present
appears rather cumbersome, as described in the 12-step process above, the process of fitting a regression
line to order statistics is well-established as a method for determining parameters of a distribution.  The
ROS method utilizes plotting positions to "spread" nondetected observations along a continuum, rather than
simply substituting an arbitrary value for each nondetected measurement.  In practice, one would expect
nondetected values to be "spread out" rather than all fixed at a single point, as would be the case with simple
substitution methods.

The MR method described above directly mimics the methods of Helsel and Cohn. However, the
article by Helsel and Cohn contains an inaccurate formula for Cj, which has been revised above.  In
addition, the article did not address ties in detected observations and detected observations below the lowest
detection limit.  These questions have been addressed in Steps 7 and 9 above. 

At least two detected observations are necessary to estimate a regression line.  Consequently, this
procedure is not useful when 0 or only 1 detected observation is present.

Software which utilizes the MR method to compute summary statistics is available, via the Internet
at www.practicalstats.  The feasibility of utilizing the software available at this site for implementation
among numerous POTWs must be explored further.  For example, the software is restrictive in some ways,
such as the format of data which can be processed. 

Reference:

Helsel, D.R., and T.A. Cohn.  1988.  Estimation of Descriptive Statistics for Multiple Censored Water
Quality Data.  Water Resources Research.  Vol. 24, No. 12:1997-2004.
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EXAMPLE OF THE MR METHOD

Suppose we have a set of data from multiple sources with varying detection limits.  When combined, the
data set is ordered as follow:

Data Summary

<50 <200 <400  100 300  500
<50 <200 <400  100 300  500
<50 <200 <400   700

1000
1200

In order to provide estimates of the mean and standard deviation, it is necessary to fill-in the non-detected
values.  Once the non-detected values are filled-in, sample mean and standard deviation can be estimated.
The following are the MR steps for fill in the non-detected values.

1. Summary statistics:

n=18
m=3 (1st detection limit = 50, 2nd detection limit = 200, 3rd detection limit=400)

A1 = 2 (2 detects $50 but <200)
A2 = 2 (2 detects $200 but <400)
A3 = 5 (5 detects $400)

B1 = 3 (3 nondetects <50)
B2 = 8 (3 nondetects <50, 3 nondetects <200, and 2 detects <400)
B3 = 13 (3 nondetects <50, 3 nondetects <200, 3 detects <400, 2 detects <100, and 2 detects <400)

C1 = 3 (3 nondetects <50)
C2 = 3 (3 nondetects <200)
C3 = 3 (3 nondetects <400)

pe,3 = pe,4 + (A3/[A3 + B3])(1 - pe,4) = 0 + (5/[5+13])@1 = 0.278
pe,2 = pe,3 + (A2/[A2 + B2])(1 - pe,3) = 0.278 + (2/[2+8])@(1-0.278) = 0.422
pe,1 = pe,2 + (A1/[A1 + B1])(1 - pe,2) = 0.422 + (2/[2+3])@(1 - 0.422) = 0.653
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 2. Determination of plotting positions:

Nondetected observations:
Plotting Position

xi j r pe,j Cj pc(i) = (1- pe,j)@r/(Cj + 1)
-----------------------------------------------------------------------------------------------------------------
<50 1 1 0.653 3 0.087
<50 1 2 0.653 3 0.173
<50 1 3 0.653 3 0.260

<200 2 1 0.422 3 0.144
<200 2 2 0.422 3 0.289
<200 2 3 0.422 3 0.433

<400 3 1 0.278 3 0.181
<400 3 2 0.278 3 0.361
<400 3 3 0.278 3 0.542

Detected observations:
Plotting Position

xi j r pe,j pe,j+1 Aj p(i) = (1 - pe,j) + (pe,j - pe,j+1)@r/(Aj + 1)
------------------------------------------------------------------------------------------------------------------

 100 1 1 0.653 0.422 2 0.424
 100 1 2 0.653 0.422 2 0.500

 300 2 1 0.422 0.278 2 0.626
 300 2 2 0.422 0.278 2 0.674
 500 3 1 0.278 0 5 0.769
 500 3 2 0.278 0 5 0.815
 700 3 3 0.278 0 5 0.861
1000 3 4 0.278 0 5 0.907
1200 3 5 0.278 0 5 0.954

3. Linear regression

A simple linear regression is then performed using the following detected observations and their
associated plotting points.  The regression is based on zi as the dependent variable and p(i) as the
independent variable.

xi zi = ln(xi) p(i) M-1(p(i))
-----------------------------------------------------------------------------------
 100 4.605 0.424 -0.192
 100 4.605 0.500  0.000
 300 5.704 0.626  0.321
 300 5.704 0.674  0.451
 500 6.215 0.769  0.736
 500 6.215 0.815  0.896
 700 6.551 0.861  1.085



DRAFT

P-9

1000 6.908 0.907  1.323
1200 7.090 0.954  1.685

The regression equation based on these nine detected observations is:

z^ i = 4.9614 + 1.4186@M-1(p(i))

4. Fill-in

This equation is used to "fill in" estimated nondetect values for the nine nondetects above.  The results of the
calculation are shown below:

xi pc(i) M-1(pc(i)) z^ i

------------------------------------------------------------------------
<50 0.087 -1.360 3.032
<50 0.173 -0.942 3.625
<50 0.260 -0.643 4.049
<200 0.144 -1.063 3.453
<200 0.289 -0.556 4.173
<200 0.433 -0.169 4.722
<400 0.181 -0.912 3.668
<400 0.361 -0.356 4.456
<400 0.542  0.106 5.112

The zi and the z^ i from the two tables above are then combined to estimate a natural log mean and a log
standard deviation.  The data and calculated values for :^  and F^ 2 are shown below:

 4.605 5.704 6.551 3.032 3.453 3.668
 4.605 6.215 6.908 3.625 4.173 4.456
 5.704 6.215 7.090 4.049 4.722 5.112

:^  = 4.9937
F^ 2 = 1.5632   (F^  = 1.2503)

The calculated values for :^  and F^  can then be used for estimating the arithmetic mean of the sample: m =

exp( :^  + 0.5 F^ 2) = 322.241 and sample standard deviation = 626.168. In some instances,s m e= −$σ 2

1
one may interested in the 90th percentile of the data, which can be estimated as P90 = exp (:^  + 1.282@F^ ) =
732.585.  It is worth to note that these calculations are based on the assumption that the data follow a log-
normal distribution.  For most water quality related variables, such as BOD concentration, the log-normal
distribution is appropriate. However, when percent removal is the variable of concern, log-normal is no
longer an appropriate probability distribution.  Instead, one may apply the MR method to the concentration
variables first and calculate the percent removal after the non-detected concentration values have been filled-
in.
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APPENDIX Q - 

PRIORITY POLLUTANT REMOVAL EFFICIENCIES

PRIORITY POLLUTANT REMOVAL EFFICIENCIES THROUGH 
PRIMARY TREATMENT*

Priority Pollutant Median
Number of POTWs

with Removal Data**

METAL/NONMETAL INORGANICS

Cadmium 15 6 of 40

Chromium 27 12 of 40

Copper 22 12 of 40

Cyanide 27 12 of 40

Lead 57 1 of 40

Mercury 10 8 of 40

Nickel 14 9 of 40

Silver 20 4 of 40

Zinc 27 12 of 40

ORGANICS

Benzene 25 8 of 40

Chloroform 14 11 of 40

1,2-trans-Dichloroethylene 36 9 of 40

Ethylbenzene 13 12 of 40

Naphthalene 44 4 of 40

Phenol 8 11 of 40

Butyl benzyl phthalate 62 4 of 40

Di-n-butyl phthalate 36 3 of 40

Diethyl phthalate 56 1 of 40

Tetrachloroethylene 4 12 of 40

1,1,1-Trichloroethane 40 10 of 40

Trichloroethylene 20 12 of 40

* Pollutant removals between POTW influent and primary effluent. From Fate of Priority Pollutants
in Publicly Owned Treatment Works, Volume I (EPA 440/1-82/303), U.S. Environmental
Protection Agency, Washington, D.C., September 1982, p. 61.

** Median removal efficiencies from a data base of removal efficiencies for 40 POTWs. Only
POTWs with average influent concentrations exceeding three times each pollutant's detection limit
were considered.

Source:U.S. EPA’s Guidance Manual on the Development and Implementation of Local Discharger
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Limitations Under the Pretreatment Program, December 1987, p. 3-55.
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PRIORITY POLLUTANT REMOVAL EFFICIENCIES THROUGH 
ACTIVATED SLUDGE TREATMENT*

Priority Pollutant Range
Second
Decile

Median
Eight
Decile

Number of POTWs
with Removal Data

METALS/NONMETAL INORGANICS**

Arsenic 11-78 31 45 53 5 of 26

Cadmium 25-99 33 67 91 19 of 26

Chromium 25-97 68 82 91 25 of 26

Copper 2-99 67 86 95 26 of 26

Cyanide 3-99 41 69 84 25 of 26

Lead 1-92 39 61 76 23 of 26

Mercury 1-95 50 60 79 20 of 26

Nickel 2-99 25 42 62 23 of 26

Selenium 25-89 33 50 67 4 of 26

Silver 17-95 50 75 88 24 of 26

Zinc 23-99 64 79 88 26 of 26

ORGANICS**

Anthracene 29-99 44 67 91 5 of 26

Benzene 25-99 50 80 96 18 of 26

Chloroform 17-99 50 67 83 24 of 26

1,2-trans-Dichloroethylene 17-99 50 67 91 17 of 26

Ethylbenzene 25-99 67 86 97 25 of 26

Methylene chloride 2-99 36 62 77 26 of 26

Naphthalene 25-98 40 78 90 16 of 26

Phenanthrene 29-99 37 68 86 6 of 26

Phenol 3-99 75 90 98 19 of 26

Bis (2-ethylhexyl) phthalate 17-99 47 72 87 25 of 26

Butyl benzyl phthalate 25-99 50 67 92 16 of 26

Di-n-butyl phthalate 11-97 39 64 87 19 of 26

Diethyl phthalate 17-98 39 62 90 15 of 26

Pyrene 73-95 76 86 95 2 of 26

Tetrachloroethylene 15-99 50 80 93 26 of 26

Toluene 25-99 80 93 98 26 of 26

1,1,1-Trichloroethane 18-99 75 85 94 23 of 26

Trichloroethylene 20-99 75 89 98 25 of 26

* Pollutant removals between POTW influent and secondary effluent (including secondary clarification).
Based on a computer analysis of POTW removal efficiency data, (derived from actual POTW influent
and effluent sampling data) provided in U.W. EPA’s  Fate of Priority Pollutants in Publicly Owned
Treatment Works, Volume II,(EPA 440/1--82/303), September 1982.

** For the purpose of deriving removal efficiencies, effluent levels reported as below detection were set
equal to the reported detection limits. All secondary activated sludge treatment plants sampled as part of
the study were considered. 
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Source: U.S. EPA’s Guidance Manual on the Development and Implementation of Local Discharger
Limitations Under the Pretreatment Program, December 1987, p. 3-56.
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PRIORITY POLLUTANT REMOVAL EFFICIENCIES THROUGH
TRICKLING FILTER TREATMENT*

Priority Pollutant Range
Second
Decile

Median
Eight
Decile

Number of POTWs with
Removal Data

METALS/NONMETAL INORGANICS**

Cadmium 33-96 33 68 93 6 of 11

Chromium 5-92 34 55 71 9 of 11

Copper 12-97 32 61 89 9 of 11

Cyanide 7-88 33 59 79 8 of 11

Lead 4-84 25 55 70 6 of 11

Mercury 14-80 33 50 62 9 of 11

Nickel 7-72 11 29 57 9 of 11

Silver 11-93 38 66 86 8 of 11

Zinc 14-90 34 67 81 9 of 11

ORGANICS**

Benzene 5-98 50 75 93 7 of 11

Chloroform 21-94 50 73 84 9 of 11

1,2-trans-Dichloroethylene 14-99 50 50 96 7 of 11

Ethylbenzene 45-97 50 80 91 10 of 11

Methylene chloride 5-98 28 70 85 10 of 11

Naphthalene 33-93 40 71 87 6 of 11

Phenol 50-99 75 84 96 8 of 11

Bis (2-ethylhexyl) phthalate 4-98 21 58 81 10 of 11

Butyl benzyl phthalate 25-90 37 60 77 9 of 11

Di-n-butyl phthalate 29-97 41 60 82 10 of 11

Diethyl phthalate 17-75 40 57 67 8 of 11

Tetrachloroethylene 26-99 53 80 93 10 of 11

Toluene 17-99 80 93 97 10 of 11

1,1,1-Trichloroethane 23-99 75 89 97 10 of 11

Trichloroethylene 50-99 67 94 98 10 of 11

* Pollutant removals between POTW influent and secondary effluent (including secondary clarification). Based on a computer
analysis of POTW removal efficiency data, (derived from actual POTW influent and effluent sampling data) provided in U.S
EPA’s Fate of Priority Pollutants in Publicly Owned Treatment Works, Volume II, (EPA 440/182/303), September 1982.

** For the purpose of deriving removal efficiencies, effluent levels reported as below detection were set equal to the reported
detection limits. All secondary trickling filter plants sampled as part of the study were considered. 

Source: U.S. EPA’s Guidance Manual on the Development and Implementation of Local Discharger Limitations Under the
Pretreatment Program, December 1987, p. 3-57.
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PRIORITY POLLUTANT REMOVAL EFFICIENCIES THROUGH 
TERTIARY TREATMENT*

Priority Pollutant Range Second Decile Median
Eight
Decile

Number of POTWs with
Removal Data

METALS/NONMETAL INORGANICS**

Cadmium 33-81 50 50 73 3 of 4

Chromium 22-93 62 72 89 4 of 4

Copper 8-99 58 85 98 4 of 4

Cyanide 20-93 32 66 83 4 of 4

Lead 4-86 9 52 77 3 of 4

Mercury 33-79 43 67 75 4 of 4

Nickel 4-78 17 17 57 3 of 4

Silver 27-87 55 62 82 3 of 4

Zinc 1-90 50 78 88 4 of 4

ORGANICS**

Benzene 5-67 40 50 54 2 of 4

Chloroform 16-75 32 53 64 3 of 4

1,2-trans-Dichloroethylene 50-96 50 83 93 2 of 4

Ethylbenzene 65-95 80 89 94 3 of 4

Methylene Chloride 11-96 31 57 78 4 of 4

Naphthalene 25-94 33 73 86 3 of 4

Phenol 33-98 80 88 96 4 of 4

Bis (2-ethylhexyl) phthalate 45-98 59 76 94 4 of 4

Butyl benzyl phthalate 25-94 50 63 85 4 of 4

Di-n-butyl phthalate 14-84 27 50 70 4 of 4

Diethyl phthalate 20-57 29 38 50 3 of 4

Tetrachloroethylene 67-98 80 91 97 4 of 4

Toluene 50-99 83 94 97 4 of 4

1,1,1-Trichloroethane 50-98 79 94 97 4 of 4

Trichloroethylene 50-99 62 93 98 4 of 4

* Pollutant removals between POTW influent and tertiary effluent (including final clarification). Based on a computer
analysis of POTW removal efficiency data, (derived from actual POTW influent and effluent sampling data) provided
in U.S. EPA’s Fate of Priority Pollutants in Publicly Owned Treatment Works, Volume II, (EPA 440/1-82/303),
September 1982.  Tertiary treatment was taken to include POTWs with effluent microscreening, mixed media
filtration, post aeration, and/or nitrification/denitrification.

** For the purpose of deriving removal efficiencies, effluent levels reported as below detection were set equal to the
reported detection limits. All tertiary treatment plants sampled as part of the study were considered.

Source: U.S. EPA’s Guidance Manual on the Development and Implementation of Local Discharger Limitations Under
the Pretreatment Program, December 1987, p. 3-58.
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AVERAGE POTW REMOVAL EFFICIENCIES IN THE 47-POTW DATA BASE

Priority Pollutant* Minimum Maximum Median Mean
Number

of POTWs
Number of

Observations

Barium 72.6115 72.6115 72.6115 72.6115 1 7

Cadmium -1362.5 73.9583 27.7778 -167.977 7 46

Chromium -58.6420 94.2928 68.1062 53.7813 10 110

Copper -110.1 92.5 65.100 58.462 25 233

Cyanide -115.385 89.9338 18.1495 -2.4338 3 39

1,4-Dichlorobenzene -93.6364 -93.6364 -93.6364 -93.6364 1 5

1,2-Trans-Dichloroethylene 85.7793 85.7793 85.7793 85.7793 1 5

Lead -27.2727 95.2160 45.1846 46.9904 12 109

Mercury -83.5616 77.2727 -3.1445 -3.1445 2 10

Nickel -24.1935 78.3818 33.9382 30.4551 10 97

Phenols 17.2414 97.4210 64.2493 61.0084 9 62

Bis (2-Ethylhexyl) Phthalate -100 71.6418 26.3314 14.5997 7 55

Di-N-Butyl Phthalate 51.6304 51.6304 51.6304 51.6304 1 5

Di-N-Octyl Phthalate 77.9609 78.1314 78.0461 78.0461 2 10

Diethyl Phthalate -13.1313 77.4775 69.8795 44.7419 3 16

Silver 31.5789 74.5455 40.8160 46.9391 4 50

Trichloroethylene 96.8850 96.8850 96.8850 96.8850 1 7

Zinc 2.8860 89.4009 62.0314 59.0255 27 243

* With the exception of barium, all pollutants are priority pollutants.

Source: U.S.EPA’s National Pretreatment Program Report to Congress, July 1991, p.  4-28.
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Daily Removal Efficiency

APPENDIX R - 

METHODS FOR CALCULATING REMOVAL EFFICIENCY

There are three methods of calculating removal efficiencies: average daily removal efficiency (ADRE)
method, mean removal efficiency (MRE) method, and the decile approach.  Each of these methods uses a set
of influent and effluent values, and the concept of a daily removal efficiency (DRE).  A DRE, expressed as a
percent, is calculated as:

Where:
Influent = Either the influent concentration from a daily sample, or the influent loading (calculated by

multiplying the same influent concentration by the daily flow and an 8.34 unit conversion
factor)

Effluent = Either the effluent concentration from a daily sample, or the effluent loading (calculated by
multiplying the same effluent concentration by the daily flow and an 8.34 unit conversion
factor).

The POTW may use either concentrations for both influent and effluent, or loadings for both. 

It is important to realize that the portion of the pollutant removed through a treatment process is transferred
to another wastestream, typically the sludge.  For conservative pollutants, such as metals, all the pollutant
from the influent ends up in either the effluent or the sludge.  For example, a 93% overall plant removal
means that 93% of the cadmium in the influent is transferred to the sludge, while 7% remains in the effluent
wastewater.

1. REVIEW OF THE DATA SET AND EXCLUSION OF CERTAIN DATA

A good first step in determining removal efficiencies is to review the data set.  This review can identify any
data values that are extremely high or low.  If there are isolated extreme values, there are formal statistical
procedures that can be applied to evaluate whether a value can be classified as an “outlier” relative to the
rest of the data set.  Two methods most widely used to make this determination are described in the
following two paragraphs.

If the data is known to closely follow a normal distribution, then any data point that lies more than two
standard deviations from the mean is considered an outlier.  Consider, for example, the DRE data values
from located in Table 1 of this appendix, and assume that this data is from a normal distribution.  The 15
observations have a mean of 52.69 and a standard deviation of 34.65.  Using this method, any data point
that lies outside of the range -16.61 to 121.99, or 52.69 + 2*34.65, can be considered an outlier.  In this
case, one value, -20.25, falls outside of the range and can be determined to be an outlier.  

If the data does not closely follow a normal distribution, outliers can be determined based on the
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interquartile range (IQR) of the data set.  First, order the data from smallest to largest and locate the data
points that fall at the 25th percentile (also referred to as the first quartile or Q1), and the 75th percentile (also
referred to as the third quartile or Q3).  The IQR is equal to the value of the observation at Q3 minus the
value of the observation at Q1.  Any data point that lies more than 1.5 times this IQR below Q1, or above
Q3, is considered an outlier.  Again, consider the data in Table 1, but now make no assumptions about the
distribution of the population from which the sample was taken.  The Q1 and Q3 of this data set are located
at 38.04 and 78.5 respectively.  Based on these values, the IQR is equal to 40.46 (78.5 - 38.04).  Any value
that falls below -22.65 (38.04 - 1.5*40.46), or above 139.19 (78.5 + 1.5*40.46), can be considered an
outlier.  In this case, there are no values that fall outside of the range and, consequently, no values should be
determined to be outliers.
  
Both of these methods are meant to determine any values that may be candidates for exclusion from the data
set.  Data exclusion should be performed only if technical justification exists to support such action (e.g.,
poor removals due to temporary maintenance or operational problems or known sampling problems).  For
example, if an examination of the data set shows that an unusually high influent value is from the same
sampling day/event as an unusually high effluent value, this occurrence of corresponding extreme values
should be investigated to determine if the data values can be explained by technical or operational problems
not related to treatment system performance (e.g., maintenance, repair, or sampling problems).  If this is the
case, dropping the data pair from the data set may be appropriate.

Review of the data may also show patterns such as increasing effluent values over time.  If a similar pattern
is not observed for the influent values, this will generate a pattern of decreasing DREs over time.  A graph
or plot of DRE against sampling day/event (in order from first to most recent sample) can help identify such
trends.  This may alert the POTW to operational problems that should be investigated.  A plot can also
highlight unusually low DREs that call for further review, such as checking laboratory quality control
samples to determine if blank or duplicate samples indicate anything out of the ordinary.  If abnormalities
are found in laboratory QA/QC (quality assurance/quality control) data, the POTW may consider excluding
the affected values from the data set.

Whenever an influent sample is zero (or was reported as below the detection level and assigned a value of
zero)1, a DRE cannot be calculated regardless of the effluent value.  Therefore, influent/effluent data pairs
for which the influent level is zero must be removed from the data set before calculating removal efficiencies
using the ADRE approach and the decile approach.  However, the POTW can use these data in calculating a
removal efficiency using the MRE method since the MRE method does not involve the calculation of
individual DREs from each pair of  influent and effluent values.  If the data set contains many pairs where
the influent value is zero, the POTW should use caution in deciding whether or not using these pairs is
appropriate (mismatched data pairs are discussed further in the MRE section below).

A negative DRE is calculated when the effluent concentration (or loading) is higher than the influent
concentration (or loading).  Negative daily removals should not automatically result in data elimination since
such values may be evidence of treatment system variability.  Negative DREs (or for the MRE method, the
influent and effluent values that would calculate as negative DREs) should be retained in the data set unless
there is technical justification to remove them from the data set.

Example
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Table 1 contains an example data set of 15 influent and effluent sample pairs for zinc.  The influent and
effluent concentrations have been converted to loadings using the POTW flows for the sample days.  The
influent and effluent concentrations may be used instead of converting to loadings.  Whether loadings or
concentrations are used will likely have little impact on the results of the ADRE and decile approaches. 
Influent and effluent flows are probably similar (if not the same) for a data pair and therefore will have little
effect on the relative size of the influent and effluent values, so DREs will change little.   However,
converting to loadings may have a noticeable impact on the MRE method if a POTW has high variability in
its flows.  Since influent and effluent loadings for high flow days will increase more relative to influent and
effluent loadings for low flow days, the net effect is to give greater weight to the removal rates on those days
with high flows.  If the POTW has high variability in its flows, it should evaluate whether its removal rates
tend to go up and down in relation to flow.  If so, the POTW should consider calculating an MRE using
both concentrations and loadings and evaluating which is more appropriate.

Table 1.  Removal Efficiency Example

Sample
Day Date

Influent Load
(lbs/day)

Effluent Load
(lbs/day)

DRE
(%)

1 3/4/99 518.22 111.41 78.50

2 3/5/99 163.98 173.99 -6.10

3 3/6/99 110.15 97.64 11.36

4 3/7/99 1739.93 474.41 72.73

5 3/8/99 266.48 320.45 -20.25

6 4/15/99 170.48 105.15 38.32

7 5/11/99 473.16 132.67 71.96

8 5/12/99 314.19 148.96 52.59

9 5/13/99 306.68 132.69 56.73

10 5/14/99 232.57 92.63 60.17

11 5/15/99 226.52 72.60 67.95

12 6/15/99 533.25 98.87 81.46

13 7/1/99 141.43 87.63 38.04

14 7/15/99 1166.77 103.90 91.10

15 8/1/99 2301.00 97.88 95.75

Average 577.65 150.06 52.69

Review of the data shows that:

CAll the influent values are greater than zero (no data exclusion needed).
CThe three particularly high influent values (sample days 4, 14, and 15) all have DREs of more than 70%,
so the high influent values do not appear to make the data candidates for elimination.
CThere are two effluent values (sample days 4 and 5) that are significantly higher than the others.  For one,
the corresponding influent value is also high and the DRE is 73%.  For the other day, the DRE is negative
(-20%) since the influent value is relatively low.  These results are from samples taken on two consecutive
days (March 7 and March 8), which may indicate that the POTW treatment system was experiencing some
operational difficulties or interference at the time.  The POTW should investigate the matter to determine if
there are valid reasons for dropping these data from the removal calculations data set.
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CThere are two negative DREs (one for March 8) calculated from the influent and effluent data pairs.  They
occurred three days apart and may indicate temporary operational problems, so the POTW should
investigate the matter (as noted above).

A plot of the data may help the POTW identify any data concerns that should be investigated. Based on the
review of data for this example, it was determined that no justification exists for excluding any of the data
from the data set.

2. CALCULATION OF REMOVAL EFFICIENCIES

Once the data set has been reviewed, the POTW can proceed to calculating removal efficiencies.  The
following sections describe each of the methods for calculating removal efficiencies and perform the
calculations using the example data set in Table 1.

2.1 Average Daily Removal Efficiency (ADRE)

The ADRE is calculated by first calculating a DRE for each pair of influent and effluent values (i.e., an
influent value and an effluent value from the same sampling day/event are used to calculate a DRE).  This
set of DREs is then averaged to determine the ADRE for a pollutant.  Use of the ADRE method requires
that a POTW only use data for the sampling days/events for which it has both an influent and an effluent
value, and the influent value is greater than zero.

Example

For the example data set in Table 1, the ADRE is calculated as:
ADRE = [78.5+(-6.1)+11.36+72.73+(-20.25)+38.32+71.96+52.59+56.73+60.17+67.95+81.46+38.04
+91.10+95.75)]/15 = 52.69% 

2.2 Mean Removal Efficiency (MRE)

The MRE is calculated by using the same formula as for the DRE (shown at the beginning of the
Appendix), but instead of using individual influent and effluent values from sampling days/events, the set of
influent values is first averaged to determine the average influent value and the same is done for the set of
effluent values (either concentrations or loadings).  These average values are then used in the DRE equation
to result in the MRE for a pollutant.  Unlike the ADRE method, the MRE method does not require paired
influent and effluent values from the same sampling days/events.  The MRE can be based on influent and
effluent sample values that are not always paired (e.g., one effluent sample is lost or destroyed, so the
influent average is based on one more value than the effluent average).  However, the POTW should use
caution in building the data sets for calculating influent and effluent averages because if too many unpaired
values are used the removal efficiencies may be meaningless since the influent data and effluent data may
represent different time periods, and treatment plant conditions do vary over time.

Example

For the example data set in Table 1, the MRE is calculated as:

Average of the influent values = 577.65 lbs/day
Average of the effluent values = 150.06 lbs/day
MRE = 100*(577.65-150.06)/577.65 = 74.02%
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2.3 Comparison of Results from ADRE and MRE Methods

Note that the MRE (74.02%) is higher than the ADRE (52.69%).  The three days with the highest influent
loadings have relatively high DREs and the two negative DREs (Day 2 and Day 5) occur on days with
values that are not significantly greater than the other days.  In the ADRE calculation, each day/DRE is
given the same weight as the others, while the MRE method gives greater weight to the days with greater
loadings.  This means that the high removals on the days with high influent loadings affect the MRE more
than the other days do, leading to a higher MRE, while the negative values do not have as great an impact
since they occur on days with less elevated influent and effluent values   If each DRE were to be weighted
by its proportion of the total loading, the result would be the same as with the MRE method.  

Usually, the MRE and ADRE are slightly different from each other, and can be quite different (as in the
example presented here).  The POTW can calculate both and decide if one of the estimates is the most
appropriate for use in AHL calculations.  The POTW can also use the decile approach to determine
representative removal efficiencies.

2.4 Decile Approach

The decile approach, unlike the above methods, considers how often the actual DRE will be above or below
a specified removal rate, thereby taking into account the variability of POTW removal efficiencies over
time.  The decile approach involves putting the set of DREs (calculated using the formula presented at the
beginning of this appendix) in order from least to greatest and then determining nine decile values.  Each
decile is the value below which a certain percentage of the DREs fall.  For example, the first decile is the
value below which 10% of the DREs fall.  Similarly, the second decile is the value below which 20% of the
DREs fall, on up to the ninth decile, which is the value below which 90% of the DREs fall.  The fifth decile
is the median and half of the DREs fall below this number.  To apply the decile approach, a minimum of
nine DREs are required.  If exactly nine DREs are available, the nine estimated deciles are simply the nine
DREs.  If more then nine DREs are used, the POTW needs to calculate the nine decile estimates.

Tables 2 and 3 below illustrate use of the decile approach for the example zinc data set.  The steps are:

CStep 1: Take the set of DREs and put the values in order from smallest to largest (see Table 2).

CStep 2:  The entries for Column 1 are obtained by performing the two calculations.  First, define the
location for the first decile and then calculate the next eight multiples of that location value to determine the
location for the second through ninth deciles.  The first location is determined by the equation: (N+1)/10,
where N = the number of data pairs/DREs used.  For the example data set, N=15, so the location for the
first decile is (15+1)/10 = 1.6.  The location for the second decile is 2 x 1.6 = 3.2, the location for the third
decile is 3 x 1.6 = 4.8, and so on up to the ninth decile of 9 x 1.6 = 14.4. (Column 1 in Table 3)

CStep 3: For each decile, take the whole number part of the value in Column 1 and place it in Column 2
(e.g., the first decile is 1.6, so the whole number part is 1; the fourth decile is 6.4, so the whole number part
is 6).

CStep 4: The entries in Column 3 of Table 3 are taken from the ordered list of DREs in Table 2.  The whole
number values in Column 2 correspond to the entry in the ordered list in Table 2 [e.g., the whole number
part for the first decile is 1, so entry 1 (-20.25%) from Table 2 is the correct value and is placed in Column
3 of Table 3; similarly, the fourth decile whole number part is 6, so value 6 (52.59%) is placed in Column
3 of Table 3 for the fourth decile].
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CStep 5: Following a similar procedure as in Step 4, values for Column 4 are taken from Table 2 and place
in Table 3, except that this time the values taken from Table 2 are the ones that immediately follow the
Column 3 entries [e.g., for the first decile, the value placed in Column 4 is -6.10, which is value 2 (the
value immediately after value 1) from Table 2; for the fourth decile, the value placed in Column 4 is 56.73,
which is value 7 from Table 2].

CStep 6: Fill in Column 5 by subtracting Column 3 from Column 4 and entering the result.

CStep 7: Similar to the process for filling Column 2 (explained in Step 3) of Table 3, place the decimal part
of the Column 1 entries in Column 6 of Table 3 (e.g., for the first decile, use 0.6; for the fourth decile, use
0.4).

CStep 8: Fill in Column 7 by multiplying the values in Column 5 by the values in Column 6 and entering the
result.

CStep 9: Add Column 3 and Column 7 and enter the result in Column 8 of Table 3.  These values are the
estimated deciles.

Table 2.  Set of DREs Sorted in Ascending Order

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

-
20.25

-6.1 11.36 38.04 38.32 52.59 56.73 60.17 67.95 71.96 72.73 78.50 81.46 91.10 95.75

Table 3.  Decile Approach for Zinc Example
Deciles Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 Column 8
1st 1.6 1 -20.25 -6.10 14.15 0.6 8.490 -11.76

2nd 3.2 3 11.36 38.04 26.68 0.2 5.336 16.70

3rd 4.8 4 38.04 38.32 0.28 0.8 0.224 38.26

4th 6.4 6 52.59 56.73 4.14 0.4 1.656 54.25

5th 8.0 8 60.17 67.95 7.78 0 0.000 60.17

6th 9.6 9 67.95 71.96 4.01 0.6 2.406 70.36

7th 11.2 11 72.73 78.50 5.77 0.2 1.154 73.88

8th 12.8 12 78.50 81.46 2.96 0.8 2.368 80.87

9th 14.4 14 91.10 95.75 4.65 0.4 1.860 92.96

The main value of the decile approach is that it provides an estimate of how often a POTW is expected to
exceed certain removal values, such as the ADRE and MRE.  For the example, the ADRE is 53% and the
MRE is calculated as 74%.  If the POTW uses either one of these values, what amount of the time will its
removal efficiency exceed those values?  This can be estimated using the decile approach.  The ADRE of
53% falls between the third and fourth deciles (38.26% and 54.25%, respectively), meaning that the actual
removal efficiency is estimated to exceed the ADRE 60% to 70% of the time [(e.g., the third decile means
that 30% of the time values will fall below that value (38.26% in this case)].  The MRE of 74% lies between
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the seventh and eight deciles (73.88% and 80.87%, respectively), so the POTW is estimated to exceed the
MRE 20% to 30% of the time.

In developing local limits, appropriate removal efficiencies must be selected for calculation of AHLs for
each pollutant.  POTWs have often selected a pollutant’s ADRE for local limits calculations.  EPA
recommends that POTWs consider using the decile approach or the MRE method since they better account
for variabilities in removal efficiencies over time.  For example, since a higher removal efficiency means
more pollutant is removed to the sludge, if the POTW used the ADRE from the above example (which is
likely exceeded 60% to 70% of the time) to calculate an AHL to protect sludge quality, the resulting AHL
may not be adequately protective.  More pollutant will likely be removed to the sludge 60% to 70% of the
time, so loadings in the sludge will higher than was estimated in the AHL calculations and may lead to
exceedances of  sludge disposal standards.  

A different approach that may address this concern is to use one decile for AHL calculations to protect
sludge quality (for sludge disposal and for sludge digester inhibition for conservative pollutants) and a
different decile for AHL calculations for protection against Pass Through concerns (e.g., NPDES permit
limits).  For example, a POTW can base its sludge quality-based AHLs on the seventh decile removal which
means that greater removals to sludge and hence greater sludge loadings would be estimated to occur 30%
of the time.  Similarly, the POTW can use the third decile for calculating its water quality-based AHLs since
lower removals (and hence higher effluent loadings) would be estimated to occur about 30% of the time. 
Although use of these deciles estimates that AHLs would be exceeded 30% of the time, in reality this is not
highly likely.  If the entire AHL is allocated to IUs all IUs would have to discharge at their maximum
allowed level to reach the AHL.  Then if the removal achieved is greater than the seventh decile, more
loading would go to the sludge than is provided for with the AHL.  If some IUs discharge at below their
allocated loadings, which is very likely at any given time, the likelihood of exceeding the allowed loading to
the sludge is much lower.
 
3. NON-CONSERVATIVE POLLUTANTS

The above discussion of removal efficiency calculations applies to conservative pollutants (e.g., metals). 
However removal efficiencies for non-conservative pollutants can be used to calculate AHLs based on Pass
Through criteria (e.g., biological process inhibition data, NPDES permit limits) and the guidance above can
be used for non-conservative pollutants only in these cases.  Conservative pollutant removal efficiencies are
determined by pollutant concentrations in the POTW influent and effluent streams.  The presumption
applied to conservative pollutants (that removed pollutants are exclusively transferred to the POTW’s
sludge streams) cannot be extended to non-conservative pollutants since losses through degradation and
volatilization do not contribute to pollutant loadings in sludge.  Therefore, non-conservative pollutant
removal efficiencies cannot be used in deriving AHLs from criteria/standards applicable to the POTW’s
sludge streams (e.g., digester inhibition, sludge disposal).

The equation for calculating AHLs for non-conservative pollutants, based on criteria for sludge disposal or
sludge digester inhibition, is:
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Where:
LINFL = Allowable influent loading, lbs/day
LCINF = POTW influent loading, lbs/d
CCRIT = Sludge criteria, mg/kg dry sludge
CSLDG = Existing sludge pollutant level (in sludge to disposal or to digester), mg/kg dry sludge.

The equation can be rewritten as:

Where the factor CDIG/LCINF is a partitioning factor that relates the pollutant level in the POTW sludge (CDIG)
to the headworks loading of the pollutant (LCINF).  The partitioning factor enables calculation of an AHL
(LINFL) from a sludge criterion/standard (CCRIT) for a non-conservative pollutant.  To determine the
partitioning factor for a particular pollutant, the POTW’s influent and sludge must be routinely sampled for
that pollutant.

The factor CDIG/LCINF expresses non-conservative pollutant removals to sludge.  Non-conservative pollutant
removals to sludge are highly variable, and are dependent on such factors as wastewater temperature,
ambient air temperature, biodegradation rates (which are temperature dependent), aeration rates, and POTW
influent flow.  Since non-conservative pollutant removals to sludge are highly variable, the variability in
non-conservative pollutant sludge partitioning factors should be addressed in the local limits development
process.  The procedures and recommendations presented in this manual for addressing removal efficiency
variability for conservative pollutants (e.g., the calculation of mean removals and the decile approach) can
be extended to addressing variability in non-conservative pollutant sludge partitioning factors.  In
calculating sludge AHLs, the sludge partitioning factor should be used in place of the removal efficiency for
non-conservative pollutants.
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APPENDIX S - 

METAL TRANSLATORS

TABLE 1 - THEORETICAL PARTITIONING COEFFICIENTS
TO CALCULATE METAL TRANSLATORS

POLLUTANT Kpo_STR alpha_STR Kpo_LAKE alpha_LAKE

Antimony N/A N/A N/A N/A

Arsenic (*) 480000 -0.73 N/A N/A

Cadmium 4000000 -1.13 3520000 -0.92

Chromium (VI) N/A N/A N/A N/A

Copper 1040000 -0.74 2850000 -0.9

Lead 310000 -0.19 2040000 -0.53

Mercury 2910000 -1.14 1970000 -1.17

Nickel 490000 -0.57 2210000 -0.76

Selenium (Se) N/A N/A N/A N/A

Silver N/A N/A N/A N/A

Thallium N/A N/A N/A N/A

Zinc 1250000 -0.7 3340000 -0.68

Source: U.S. EPA 1984

Notes:
STR = stream
LAKE = lake
Kpo, alpha = Coefficient and exponential constants determined from the analysis of dissolved and
particulate water quality data.  These data were obtained from the Storet Database and provides water
quality data for all states.

Steps to calculate a total concentration based on a dissolved concentration:

1) The partitioning coefficient is calculated as:

Kd = Kpo x TSS alpha

Where:
Kd = Partitioning coefficient.  The partition coefficients were calculated using a theoretical Freundlich
isotherm which relates the partition coefficient to the metal dissolved and particulate concentrations as
well as the suspended solids concentration. 
Kpo = Coefficient constant determined from the analysis of dissolved and particulate water quality data 
TSS = Total suspended solids
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alpha = Exponential constant determined from the analysis of dissolved and particulate water quality
data

2) The metal translator is calculated as:

MT = 1+ Kd x TSS x 10 -6

Where:

MT = Metal translator
Kd = Partitioning coefficient
TSS = Total suspended solids

3) The total criterion is calculated as:

Ct = Cd * MT

Where:

MT = Metal translator
Ct = Concentration total
Cd = Concentration dissolved



DRAFT

S-3

Table 2 - U.S. EPA Conversion Factors (CF)

POLLUTANT
CF for

freshwater
acute criteria

CF for freshwater
chronic criteria

CF for
saltwater

acute criteria

CF for saltwater
chronic criteria

Antimony  -  -  -  - 

Arsenic 1 1 1 1

Beryllium  -  -  -  - 

Cadmiuma 0.944 0.909 0.994 0.994

Chromium (III) 0.316 0.86  -  - 

Chromium (VI) 0.982 0.962 0.993 0.993

Copper 0.96 0.96 0.83 0.83

Lead 0.791 0.791 0.951 0.951

Mercuryb 0.85 0.85 0.85 0.85

Nickel 0.998 0.997 0.99 0.99

Selenium b b 0.998 0.998

Silver 0.85  - 0.85  - 

Thallium  -  -  -  - 

Zinc 0.978 0.986 0.946 0.946

Source: U.S. EPA 1996

Notes:
" - " means not available
a) CFs for these pollutants are hardness dependent:

Cadmium (acute CF) = 1.136672 - [(ln{hardness})/(0.041838)]
Cadmium (chronic CF) = 1.101672 - [(ln{hardness})/(0.041838)]
Lead (acute and chronic CFs) = 1.46203 - [(ln{hardness})/(0.145712)]

b) Bioaccumulative compound and inappropriate to adjust to percent dissolved:

If the water quality criteria is expressed as a total concentration, use the conversion factor to express the
criteria as a dissolved concentration:

Cd =  Ct * CF

Where:
Cd = Concentration dissolved
Ct = Concentration total
CF = Conversion factor
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Equation to determine specific gravity of wet sludge

APPENDIX T - 

SPECIFIC GRAVITY OF SLUDGE

The allowable headworks loading (AHL) equations presented in Chapter 6 for sewage sludge disposal
contain a factor for the specific gravity of sludge (sludge density).  This factor accounts for differences in
the density of sludge based on the percent solids of sludge to disposal.  The unit conversion factor (8.34) in
the same equations converts the overall units into pounds per day (lbs/day), using a specific gravity or
density of sludge equal to 1 kg/l, which assumes that sludge has the same density as water.  If the dewatered
sludge density is different from the density of water, the unit conversion factor is not fully accurate.  As the
percent solids of a sludge increases, the density of the sludge increases and therefore the error introduced by
the inaccurate unit conversion factor increases.  To correct this inaccuracy, the numerator of the AHL
equation should be multiplied by the specific gravity of the dewatered sludge (as noted in Chapter 6).  If a
sludge is not dewatered before disposal, the inaccuracy produced by using the unit conversion factor (8.34)
without a specific gravity factor would probably not be significant.

The POTW can determine the specific gravity (density) of its sludge prior to disposal through a simple
laboratory measurement.  The POTW should take this measurement as part of its local limits monitoring
program and average the resulting data set (e.g., 7-10 data points) to determine a representative sludge
specific gravity (density) factor for use in local limits calculations.  The POTW can also estimate the
specific gravity of its sludge using the equations below and information on the percent solids.

For a typical wet sludge at 10% solids, the approximate density is 1.03 kg/l.  For a typical dewatered sludge
at 30% solids, the approximate density is 1.11 kg/l.  A sludge at 50% solids may reach a density of 1.2 to
1.3 kg/l, which would result in a 20% to 30% conservative error in the calculation of an AHL if a specific
gravity factor is not used.  All of these values depend on the amount of volatile solids in the sludge in
comparison with the amount of fixed mineral solids, which vary with percent solids, and the densities of
each of these types of solids.

Where: MWS = Mass of wet sludge (kg)
SWS = Specific gravity of wet sludge (kg/l)
MS = Mass of dry sludge solids (kg)
SS = Specific gravity of sludge solids (kg/l)
MW = Mass of water (kg)
SW = Specific gravity of water (kg/l).
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Equation to determine specific gravity of dry sludge solids

Where: MF = Mass of fixed solids (kg)
SF = Specific gravity of fixed solids (kg/l)
MV = Mass of volatile solids (kg)
SV = Specific gravity of volatile solids (kg/l).

The result from the second equation is used in the first equation.

Example

Sludge is 10% solids:

Assume solids consist of 33% fixed mineral solids with a specific gravity of 2.5 kg/l and 67% volatile solids
with a specific gravity of 1.2 kg/l.

To determine the specific gravity of the dry sludge solids, use the second equation:

which results in Ss = 1.45 kg/l.  Using this value in the first equation:

which yields SWS = 1.03 kg/l.
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APPENDIX U - 

SLUDGE AHL EQUATIONS USING FLOW (IN METRIC UNITS)

Some POTWs may have sludge flow data available in dry metric tons per day, rather than MGD.  The AHL
equations for sludge disposal in Chapter 6 can be converted to use sludge flow data in these units.  Some of
the equations in Chapter 6 are presented below using flows in dry metric tons per day.  Use of these “dry
flows” eliminates the need for the specific gravity factor in the equations.

General Sludge Equation for Conservative Pollutants

Where:
LINFL = Allowable influent loading, lbs/day
CCRIT = Sludge criteria, mg/kg dry sludge
QSLDG = Total sludge flow to disposal, dry metric tons per day
RPOTW = Removal efficiency across POTW (as decimal)
0.0022 = Unit conversion factor.

Land Application

As explained in Chapter 6, determining the land application sludge criteria for use in the general sludge
equation requires that the POTW first convert 40 CFR §503 Table 2 and Table 4 sludge criteria into values
in mg/kg of dry sludge units.  Since Table 2 and Table 4 criteria are in Metric units (kg/ha), they must be
converted into English units (lbs/acre) so that they can be used with the equations in Chapter 6 which use
other English units (e.g., flow in MGD, area in acres).  Table 2 and Table 4 criteria are provided in both
Metric and English units in Appendix CC.  

Another option is for POTWs to use the land application criteria equations in Metric units (e.g., area in
hectares, flow in dry metric tons per day), thus eliminating the need to convert Table 2 and Table 4 values to
English units.  These equations are provided below.  These equations avoid the need for a specific gravity
factor since they use also use a “dry flow” for sludge.

Where:
CCRIT = Sludge criteria, mg/kg dry sludge
CCUM = Federal (Table 2 of 40 CFR 503.13) or State land application cumulative pollutant loading
rate, kg/ha 
SA = Site area, hectares
SL = Site life, years
QLA = Sludge flow to bulk land application at an agricultural, forest, public contact, or reclamation
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Arsenic, Cadmium, 
Chromium, Nickel

         Lead         

Beryllium, Mercury,
pollutants with State limits

site, dry metric tons per day
0.365 = Unit conversion factor.

Where:
CCRIT = Sludge criteria, mg/kg dry sludge
CANN = Federal (Table 4 of 40 CFR 503.13) or State land application annual pollutant loading rate,
kg/ha 
AWSAR = Annual whole sludge application rate, metric tons per hectare per year dry weight basis
0.001 = Unit conversion factor.

Incineration

Sludge standards for maximum pollutant concentrations in sludge feed to the incinerator need to be in mg/kg
dry sludge to be used in the equations at the beginning of Section 6.2.3 to calculate AHLs.  A POTW
disposing of sludge through incineration may already have sludge standards in mg/kg dry sludge, such as
through a waste disposal agreement with the operator of a sludge incincerator.  As noted in Chapter 6, if no
sludge standards have been calculated for the sludge feed to the incinerator, POTWs should use the Part 503
equations (provided below) to determine the maximum pollutant concentrations for the incinerator feed. 
These maximum concentrations are then used in the equations at the beginning of Section 6.2.3 to calculate
AHLs.

Where:
CCRIT = Sludge criteria, mg/kg dry sludge
NESHAP = National emission standard for beryllium or mercury from 40 CFR Part 61, g/day
NAAQS = National Ambient Air Quality Standard for lead, ug/m3

RSC = Federal risk specific concentration limit for arsenic, cadmium, chromium, or nickel from 40
CFR 503.43, ug/m3
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CE = Control efficiency (removal efficiency) for sewage sludge incinerator for the given pollutant (as a
decimal)
QINC = Sludge flow to incinerator (i.e., sewage sludge feed rate), dry metric tons per day
DF = Dispersion factor, ug/m3/g/sec
0.01 and 86,400 = Unit conversion factors.

For pollutants with State incinerator emissions standards, limits should be entered in g/day in place of the
NESHAPs limits in the first equation above.
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APPENDIX V - 

DOMESTIC POLLUTANT LOADINGS

RESIDENTIAL/COMMERCIAL TRUNKLINE MONITORING DATA

Pollutant Number of
Detections

Number of
Samples

Minimum
Concentration

(mg/L)

Maximum
Concentration

(mg/L)

Average
Concentration

(mg/L)

INORGANICS

Arsenic 140 205 0.0004 0.088 0.007

Barium 3 3 0.04 0.216 0.115

Boron 4 4 0.1 0.42 0.3

Cadmium 361 538 0.00076 0.11 0.008

Chromium (III) 1 2 < 0.005 0.007 0.006

Chromium (T) 311 522 < 0.001 1.2 0.034

Copper 603 607 0.005 0.74 0.14

Cyanide 7 7 0.01 0.37 0.082

Fluoride 2 2 0.24 0.27 0.255

Iron 18 18 0.0002 3.4 0.989

Lead 433 540 0.001 2.04 0.058

Lithium 2 2 0.03 0.031 0.031

Manganese 3 3 0.04 0.161 0.087

Mercury 218 235 < 0.0001 0.054 0.002

Nickel 313 540 < 0.001 1.6 0.047

Phosphate 2 2 27.4 30.2 28.8

Total Phosphorous 1 1 0.7 0.7 0.7

Silver 181 224 0.0007 1.052 0.019

Zinc 636 638 0.01 1.28 0.231

ORGANICS

Chloroform 21 30 <0.002 0.069 0.009

1,1-Dichloroethene 2 29 0.005 0.008 0.007

1,1-Dichloroethane 1 28 0.026 0.026 0.007

Trans-1,2-Dichloroethene 1 28 0.013 0.013 0.013

Fluoranthene 2 5 0.00001 <0.001 0.001

Methylene Chloride 7 30 0.00008 0.055 0.027

Phenols 2 2 0.00002 0.00003 0.01

Bis (2-ethylhexyl)
Phthalate

5 5 0.00002 0.022 0.006

Pyrene 2 3 0.00001 <0.005 0.0002
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Detections

Number of
Samples

Minimum
Concentration

(mg/L)

Maximum
Concentration

(mg/L)

Average
Concentration

(mg/L)
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Tetrachloroethene 5 29 0.00001 0.037 0.014

1,2,4-Trichlorobenzene 1 3 <0.002 0.035 0.013

PESTICIDES

Total BHC 3 3 0.001 0.001 0.001

4,4-DDD 3 3 0.00026 0.0004 0.0003

Total Endosulfan 3 3 0.002 0.002 0.002

Source: U.S. EPA’s Supplemental Manual on the Development and Implementation of Local Discharge
Limitations Under the Pretreatment Programs, May 1991.
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APPENDIX W - 

LANDFILL LEACHATE LOADINGS

LANDFILL LEACHATE MONITORING DATA*

Pollutant Minimum
Concentration (mg/L)

Maximum
Concentration (mg/L)

Average Concentration
(mg/L)

INORGANICS

Antimony 0.008 0.3 0.142

Arsenic 0.002 0.13 0.042

Barium <0. 1 0.55 0.201

Cadmium < 0.001 1.25 0.03

Chromium (T) 0.007 12.1 0.633

Copper 0.007 10.87 0.395

Cyanide 0.04 0.05 0.029

Iron 1.5 4500 33.8

Lead 0.005 9.8 0.156

Manganese 0.63 73.2 13.224

Mercury < 0002 0.002 0

Nickel 0.003 12.09 0.55

Selenium < 002 0.02 0.01

Silver < 0.01 0.05 0.019

Zinc < 01 58 12.006

ORGANICS

Acetone 2.8 2.8 2.8

Benzene < 0.002 0.031 0.025

Benzoic Acid 0.02 < 0.4 0.19

Chlorobenzene 0.011 0.011 0.011

Chloroethane < 0.001 < 0. 1 0.021

p-chloro-m-Cresol 0.018 0.018 0.018

1,4-Dichlorobenzene < 0.005 < 0.4 0.101

1,1-Dichloroethane < 0.001 0.052 0.002

1,2-Dichloroethane < 0.005 6.8 1.136

Ethylbenzene 0.017 0.54 0.171

Methyl Butyl Ketone 0.028 0.16 0.094

Methyl Ethyl Ketone 5.3 29 13.633

4-Methylphenol 0.065 0.065 0.065

Naphthalene < 0.01 <0.4 0.113

N-Nitrosodiphenylamine 0.011 0.011 0.011

Pentachlorophenol 0.016 0.016 0.016
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Concentration (mg/L)

Maximum
Concentration (mg/L)

Average Concentration
(mg/L)
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Phenol 0.008 2.9 1.06

Toluene 0.0082 1.6 0.735

Trichloroethene < 0.001 < 0.1 0.025

1,1,1-Trichloroethane 0.011 0.022 0.019

2,4-Dimethyl Phenol 0.005 < 0.4 0.107

Diethyl Phthalate 0.11 0.11 0.11

Dimethyl Phthalate 0.0049 0.0049 0.005

Di-N-Butyl Phthalate 0.0044 0.0044 0.004

Vinyl Acetate 0.25 0.25 0.25

Vinyl Chloride < 0.002 0.21 0.067

* Number of detections/number of observations could not be determined from data provided.

Source: U.S. EPA’s Supplemental Manual on the Development and Implementation of Local Discharge
Limitations Under the Pretreatment Programs, May 1991, pp.  1-30 and 1-31.
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MOST COMMON LANDFILL LEACHATES*

Pollutant
Concentration Range

(parts per million)

INORGANICS**

Arsenic 0.0002 - 0.982

Barium 0.11 - 5

Cadmium 0.007 - 0.15

Chloride 31 - 5,475

Chromium (Total) 0.0005 - 1.9

Copper 0.03 - 2.8

Iron 0.22 - 2,280

Lead 0.005 - 1.6

Manganese 0.03 - 79

Nickel 0.02 - 2.2

Nitrate 0.01 - 51

Sodium 12 - 2,574

Sulfate 8 - 1,400

ORGANICS***

1,1-Dichloroethane 0.004 - 44

Trans-1,2-Dichloroethylene 0.002 - 4.8

Ethylbenzene 0.006 - 4.9

Methylene Chloride 0.002 - 220

Phenol 0.007 - 28.8

Toluene 0.006 - 18

* Leachate data is compiled from a database of 70 MSWLFs (U.S. EPA 1988. Summary of Data on
Municipal Solid Waste Landfill Leachate Characteristics-Criteria for Municipal Solid Waste Landfills (40
CFR Part 258) - Subtitle D of Resource Conservation and Recover Act (Background Document).
Washington, DC: Office of Solid Waste).

** Leachate data from 62 landfills.
*** Leachate data from 53 landfills.

Source: U.S. EPA’s National Pretreatment Program Report to Congress, July 1991, p.3-81.
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CONTAMINANT CONCENTRATION RANGES IN MUNICIPAL LEACHATE 
AS REPORTED IN LITERATURE SOURCES*

Pollutant 
Parameter 

George 
(1972) 

Chain
/DeWalle 

(1977) 

Metry/Cros
s 

(1977) 

Cameron 
(1978)

Wisconsin
Report 

(20 Sites) 

Sobotka
Report

(44 Sites)

CONVENTIONAL

BOD 9 - 54,610 81 - 33,360 2,200 -
720,000 

9 - 55,000 ND - 195,000  7 - 21,600

pH 3.7 - 8.5 3.7 - 8.5 3.7 - 8.5 3.7 - 8.5 5 - 8.9 5.4 - 8.0

TSS 6 - 2,685 10 - 700 13 - 26,500 2 - 140,900 28 - 2,835

NON-CONVENTIONAL

Alkalinity 0 - 20,850 0 - 20,850 310 - 9,500 0 - 20,900 ND - 15,050 0 - 7,375

Bicarbonate 3,260 - 5,730

Chlorides 34 - 2,800 4.7 - 2,467 47 - 2,350 34 - 2,800 2 - 11,375 120 - 5,475

COD 0 - 89,520 40 - 89,520 800 - 750,000 0 - 9,000 6.6 - 97,900 440 - 50,450

Fluorides 0 - 2.13 0 - 0.74 0.12 - 0.790

Hardness 0 - 22,800 0 - 22,800 35 - 8,700 0 - 22,800 52 - 225,000 0.8 - 9,380

NH3-Nitrogen 0 - 1,106 0 - 1,106 0.2 - 845 0 - 1,106 11.3 - 1,200

NO
-Nitrogen 

0 - 1,300 0.2 - 1,0.29 4.5 - 18 0 - 5,0.95

Organic
Nitrogen 

2.4 - 550 4.5 - 78.2

Ortho-
Phosphorus 

6.5 - 85 0.3 - 136 0 - 154

Sulfates 1 - 1,826 1 - 1,558 20 - 1,370 0 - 1,826 ND - 1,850 8 - 500

Sulfide 0 - 0.13

TOC 256 - 28,000 ND - 30,500 5 - 6,884

TDS 0 - 42,276 584 - 44,900 100 - 51,000 0 - 42,300 584 - 50,430 1,400 -
16,120

Total-K-
Nitrogen 

0 - 1,416 2 - 3,320 47.3 - 938

Total
Phosphorus 

1 - 154 0 - 130 ND - 234

Total Solids 0 - 59,200 1,900 -
25,873

METALS

Aluminum 0 - 122 ND - 85 0.010 - 5.07

Arsenic 0 - 11.6 ND - 70.2 0 - 0.08

Barium 0 - 5.4 ND - 12.5 0.01 - 10

Beryllium 0 - 0.3 ND - 0.36 0.001 - 0.01

Boron 0.3 - 73 0.867 - 13

Cadmium 0.03 - 17 0 - 0.19 ND - 0.04 0 - 0.1

Calcium 5 - 4,080 60 - 7,200 240 - 2,570 5 - 4,000 200 - 2,500 95.5 - 2,100
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George 
(1972) 

Chain
/DeWalle 

(1977) 

Metry/Cros
s 

(1977) 

Cameron 
(1978)

Wisconsin
Report 

(20 Sites) 

Sobotka
Report

(44 Sites)
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Total
Chromium 

0 - 33.4 ND - 5.6 0.001 - 1.0

Copper 0 - 9.9 0 - 9.9 0 - 10 ND - 4.06 0.003 - 0.32

Cyanide 0 - 0.11 ND - 6 0 - 4.0

Iron 0.2 - 5,500 0 - 2,820 0.12 - 1,700 0.2 - 5,500 ND - 1,500 0.22 - 1,400

Lead 0 - 0.5 <0.10 - 2.0 0 - 5.0 0 - 14.2 0.001 - 1.11

Magnesium 16.5 - 15,600 17 - 15,600 64 - 547 16.5 - 15,600 ND - 780 76 - 927

Manganese 0.06 - 1,400 0.09 - 125 13 0.06 - 1,400 ND - 31.1 0.03 - 43

Mercury 0 - 0.064 ND - 0.01 0 - 0.02

Molybdenum 0 - 0.52 0.01 - 1.43

Nickel 0.01 - 0.8 ND - 7.5 0.01 - 1.25

Potassium 2.8 - 3,770 28 - 3,770 28 - 3,800 2.8 - 3,770 ND - 2,800 30 - 1,375

Sodium 0 - 7,700 0 - 7,700 85 - 3,800 0 - 7,700 12 - 6,010

Titanium 0 - 5.0 <0.01

Vanadium 0 - 1.4 0.01

Zinc 0 - 1,000 0 - 370 0.03 - 135 0 - 1,000 ND - 731 0.01 - 67

All concentrations in mg/l, except pH (standard units).
ND = Non-detect

Source: U.S. EPA’s Technical Development Document for Proposed Effluent Limitations Guidelines and Standards
for the Landfills Point Source Category, EPA 821-R-97-022, January 1998, Table 6-3;
http://www.epa.gov/OST/guide/2lndfls/techdev.html

* Literature sources were:

George, J. A., Sanitary Landfill-Gas and Leachate Control, the National Perspective, Office of Solid Waste
Management Programs, U.S. EPA, 1972.

Chian, E. S. And F. B. DeWalle, Evaluation of Leachate Treatment, Volume I, Characterization of Leachate, EPA-
600/2-77-186a.

Metry, A. A. And F. L. Cross, Leachate Control and Treatment, Volume 7, Environmental Monograph Series,
Technomic Publishing Co., Westport, CT, 1977.

Cameron, R. D., The Effect of Solid Waste Landfill Leachates on Receiving Waters, Journal AWWA, March 1978.

McGinley, Paul M. and Peter Kmet. Formation, Characteristics, Treatment and Disposal of Leachate from
Municipal Solid Waste Landfills, Wisconsin Department of Natural Resources Special Report, August 1, 1984.

Sobotka & Co., Inc., Case History Data Compiled and Reported to the U.S. Environmental Protection Agency
Economic Analysis Branch, Office of Solid Waste, 1986.
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APPENDIX X - 

REGION 1, REASSESSMENT OF TECHNICALLY-BASED INDUSTRIAL

DISCHARGE LIMITS CHECKLIST

Attachment A.

EPA - New England

Reassessment of Technically Based Industrial Discharge Limits 

Under 40 CFR 122.21(j)(4), all Publicly Owned Treatment Works (POTWs) with approved Industrial
Pretreatment Programs (IPPs) shall provide the following information to the Director: a written evaluation of
the need to revise local industrial discharge limits under 40 CFR 403.5(c)(1).

Below is a form designed by the U.S. Environmental Protection Agency (EPA - New England) to assist
POTWs with approved IPPs in evaluating whether their existing Technically Based Local Limits (TBLLs)
need to be recalculated.  The form allows the permittee and EPA to evaluate and compare pertinent
information used in previous TBLLs calculations against present conditions at the POTW.

Please read direction below before filling out form.
  

ITEM  I.

* In Column (1), list what your POTW's influent flow rate was when your existing TBLLs were
calculated.  In Column (2), list your POTW's present influent flow rate.  Your current flow rate
should be calculated using the POTW's average daily flow rate from the previous 12 months.  

* In Column (1) list what your POTW's SIU flow rate was when your existing TBLLs were
calculated.  In Column (2), list your POTW's present SIU flow rate. 

 
* In Column (1), list what dilution ratio and/or 7Q10 value was used in your old/expired NPDES

permit.  In Column (2), list what dilution ration and/or 7Q10 value is presently being used in your
new/reissued NPDES permit.  

The 7Q10 value is the lowest seven day average flow rate, in the river, over a ten year period.  The
7Q10 value and/or dilution ratio used by EPA in your new NPDES permit can be found in your
NPDES permit "Fact Sheet."

* In Column (1), list the safety factor, if any, that was used when your existing TBLLs were
calculated. 

* In Column (1), note how your bio-solids were managed when your existing TBLLs were calculated.
In Column (2), note how your POTW is presently disposing of its biosolids and how your POTW
will be disposing of its biosolids in the future. 

ITEM  II.
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* List what your existing TBLLs are - as they appear in your current Sewer Use Ordinance (SUO).  

ITEM  III. 

* Identify how your existing TBLLs are allocated out to your industrial community.  Some pollutants
may be allocated differently than others, if so please explain.

ITEM  IV.

* Since your existing TBLLs were calculated, identify the following in detail: 

(1) if your POTW has experienced any upsets, inhibition, interference or pass-through as a
result of an industrial discharge.  

(2) if your POTW is presently violating any of its current NPDES permit limitations - include
toxicity.  

ITEM  V.  

* Using current sampling data, list in Column (1) the average and maximum amount of pollutants (in
pounds per day) received in the POTW's influent.  Current sampling data is defined as data obtained
over the last 24 month period. 

All influent data collected and analyzed must be in accordance with 40 CFR 136.  Sampling data
collected should be analyzed using the lowest possible detection method(s), e.g. graphite furnace. 

* Based on your existing TBLLs, as presented in Item II., list in Column (2), for each pollutant the
Maximum Allowable Industrial Headwork Loading (MAIHL) values derived from an applicable
environmental criteria or standard, e.g. water quality, sludge, NPDES, inhibition, etc.  For each
pollutant, the MAIHL equals the calculated Maximum Allowable Headwork Loading (MAHL)
minus the POTW's domestic loading source(s).  For more information, please see p.,3-28 in EPA's
Guidance Manual on the Development and Implementation of Local Limits Under the
Pretreatment Program, 12/87.   

ITEM  VI. 

* Using current sampling data, list in Column (1) the average and maximum amount of pollutants (in
micrograms per liter) present your POTW's effluent.  Current sampling data is defined as data
obtained during the last 24 month period.

All effluent data collected and analyzed must be in accordance with 40 CFR 136.  Sampling data
collected should be analyzed using the lowest possible detection method(s), e.g. graphite furnace.

* List in Column (2A) what the Water Quality Standards (WQS) were (in micrograms per liter) when
your TBLLs were calculated, please note what hardness value was used at that time. Hardness
should be expressed in milligram per liter of Calcium Carbonate.  

List in Column (2B) the current WQSs or "Chronic Gold Book" values for each pollutant multiplied
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by the dilution ratio used in your new/reissued NPDES permit.  For example, with a dilution ratio of
25:1 at a hardness of 25 mg/l - Calcium Carbonate (copper's chronic WQS equals 6.54 ug/l) the
chronic NPDES permit limit for copper would equal 156.25 ug/l. 

ITEM VII.

* In Column (1), list all pollutants (in micrograms per liter) limited in your new/reissued NPDES
permit. In Column (2), list all pollutants limited in your old/expired NPDES permit. 

  
ITEM VIII.

* Using current sampling data, list in Column (1) the average and maximum amount of pollutants in
your POTW's biosolids.  Current data is defined as data obtained during the last 24 month period.
Results are to be expressed as total dry weight.

All biosolids data collected and analyzed must be in accordance with 40 CFR 136.  

In Column (2A), list current State and/or Federal sludge standards that your facility's biosolids must
comply with.  Also note how your POTW currently manages the disposal of its biosolids. If your
POTW is planing on managing its biosolids differently, list in Column (2B) what your new biosolids
criteria will be and method of disposal.

In general, please be sure the units reported are correct and all  pertinent information is included in your
evaluation.  If you have any questions, please contact your pretreatment representative at EPA - New
England.
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REASSESSMENT OF TECHNICALLY BASED LOCAL LIMITS
(TBLLs)

P O T W  N a m e  &  A d d r e s s  :
_____________________________________________

NPDES PERMIT # : _________________________________________________

Date EPA approved current TBLLs : ________________________________

Date EPA approved current Sewer Use Ordinance : __________________

ITEM I.
In Column (1) list the conditions that existed when your current
TBLLs were calculated.  In Column (2), list current conditions or
expected conditions at your POTW.

Column (1) Column (2)

EXISTING TBLLs PRESENT CONDITIONS

POTW Flow (MGD)

SIU Flow (MGD)

Dilution Ratio or
7Q10 (from NPDES Permit)

Safety Factor N/A

Biosolids Disposal
Method(s)

ITEM II.
EXISTING TBLLs 

POLLUTANT NUMERICAL LIMIT POLLUTANT NUMERICAL LIMIT
    (mg/l) or (lb/day)   (mg/l) or (lb/day)

--------- ----------- --------- -----------
--------- ----------- --------- -----------
--------- ----------- --------- -----------
--------- ----------- --------- -----------
--------- ----------- --------- -----------
--------- ----------- --------- -----------
--------- ----------- --------- -----------
--------- ----------- --------- -----------
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ITEM III.
Note how your existing TBLLs, listed in Item II., are allocated to
your Significant Industrial Users (SIUs), i.e. uniform
concentration, contributory flow, mass proportioning, other.
Please specify by circling. 

ITEM IV.
Has your POTW experienced any upsets, inhibition, interference or
pass-through from industrial sources since your existing TBLLs
were calculated?

I f  y e s ,  e x p l a i n .
__________________________________________________
_________________________________________________________________
__

Has your POTW violated any of its NPDES permit limits and/or
toxicity test requirements?

I f  y e s ,  e x p l a i n .
__________________________________________________
_________________________________________________________________
__

ITEM V.
Using current POTW influent sampling data fill in Column (1).  In
Column (2), list your Maximum Allowable Industrial Headwork
Loading (MAIHL) values used to derive your TBLLs listed in Item
II.  In addition, please note the Environmental Criteria for which
each MAIHL value was established, i.e. water quality, sludge,
NPDES etc.

   Column (1) Column (2)
Pollutant Influent Data Analyses MAIHL Values Criteria

Maximum  Average
(lb/day) (lb/day) (lb/day)

Arsenic ---------- ---------  --------- ---------
Cadmium ---------- ---------  --------- ---------
Chromium ---------- ---------  --------- ---------
Copper ---------- ---------  --------- ---------
Cyanide ---------- ---------  --------- ---------
Lead ---------- ---------  --------- ---------
Mercury ---------- ---------  --------- ---------
Nickel ---------- ---------  --------- ---------
Silver ---------- ---------  --------- ---------
Zinc ---------- ---------  --------- ---------
Other (List)
------- ---------- ---------  --------- ---------
------- ---------- ---------  --------- ---------
------- ---------- ---------  --------- ---------
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ITEM VI.
Using current POTW effluent sampling data, fill in Column (1).  In
Column (2A) list what the Water Quality Standards (Gold Book
Criteria) were at the time your existing TBLLs were developed.
List in Column (2B) current Gold Book values multiplied by the
dilution ratio used in your new/reissued NPDES permit.

  Columns
   Column (1)   (2A)  (2B)

Pollutant Effluent Data Analyses Water Quality Criteria
Maximum  Average (Gold Book)

From TBLLs Today
(ug/l) (ug/l)         (ug/l) (ug/l)

Arsenic ---------- --------- --------- ---------
*Cadmium ---------- ---------  --------- ---------
*Chromium ---------- ---------  --------- ---------
*Copper ---------- ---------  --------- ---------
Cyanide ---------- ---------  --------- ---------
*Lead ---------- ---------  --------- ---------
Mercury ---------- ---------  --------- ---------
*Nickel ---------- ---------  --------- ---------
Silver ---------- ---------  --------- ---------
*Zinc ---------- ---------  --------- ---------
Other (List)
------- ---------- ---------  --------- ---------
------- ---------- ---------  --------- ---------
------- ---------- ---------  --------- ---------
*Hardness Dependent (mg/l - CaCO3) --------- ---------

ITEM VII.
In Column (1), identify all pollutants limited in your
new/reissued NPDES permit.  In Column (2), identify all pollutants
that were limited in your old/expired NPDES permit.

Column (1) Column (2)
NEW PERMIT OLD PERMIT

Pollutants Limitations Pollutants Limitations
(ug/l) (ug/l)

---------- ----------- ---------- -----------
---------- ----------- --------- -----------
---------- ----------- ---------- -----------
---------- ----------- ---------- -----------
---------- ----------- ---------- -----------
---------- ----------- ---------- -----------
---------- ----------- ---------- -----------
---------- ----------- ---------- -----------
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ITEM VIII.
Using current POTW biosolids data, fill in Column (1).  In Column
(2A), list the biosolids criteria that was used at the time your
existing TBLLs were calculated.  If your POTW is planing on
managing its biosolids differently, list in Column (2B) what your
new biosolids criteria would be and method of disposal.

   Columns
   Column (1)    (2A)       (2B)

Pollutant  Biosolids Data Analyses  Biosolids Criteria
Average From TBLLs   New
(mg/kg)         (mg/kg) (mg/kg)

Arsenic --------- --------- ---------
Cadmium --------- --------- ---------
Chromium ---------  --------- ---------
Copper ---------  --------- ---------
Cyanide ---------  --------- ---------
Lead ---------  --------- ---------
Mercury --------- --------- ---------
Nickel --------- --------- ---------
Silver ---------  --------- ---------
Zinc ---------  --------- ---------
Molybdenum --------- --------- ---------
Selenium --------- --------- ---------
Other (List) --------- --------- ---------

--------- --------- ---------
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APPENDIX Y - 

CLOSED-CUP FLASHPOINTS FOR SELECT ORGANIC COMPOUNDS

Pollutant
Closed Cup

Flashpoint (//F)

Acrolein -15

Acrylonitrile 30

Benzene 12

Chlorobenzene 82

Chloroethane (Ethyl chloride) -58

1,1-Dichloroethane 2

1,2-Dichloroethane (Ethylene dichloride) 56

1,1-Dichloroethylene (Vinylidene chloride) -2

Trans-1,2-Dichloroethylene, (1,2-Dichloroethylene) 36-39

1,2-Dichloropropane (Propylene dichloride) 60

Ethylbenzene 55

Toluene 40

Source: NIOSH Pocket Guide to Chemical Hazards, National Institute for Occupational
Safety and Health, DHHS (NIOSH) Pub. No. 99-115, April 1999.
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APPENDIX Z - 

DISCHARGE SCREENING LEVELS AND HENRY’S LAW CONSTANTS

FOR SELECT ORGANIC COMPOUNDS

DISCHARGE SCREENING LEVELS BASED ON EXPLOSIVITY

Pollutant
LELs(1)

% volume /
volume

LELs
(mol/m3)

Henry's Law
Constant

(mol/m3)/(mg/L)

MW
(g/mol)

 Discharge
Screening

Level (mg/L)

Acrolein 2.8 1.15 8.7E-05 56.1 13163

Acrylonitrile 3.0 1.23 8.4E-05 53.1 14586

Benzene 1.2 0.49 2.9E-03 78.1 169

Chlorobenzene 1.3 0.53 1.3E-03 112.6 395

Chloroethane 3.8 1.55 7.0E-03 65.5 222

1,1-Dichloroethane 5.4 2.21 2.4E-03 99 909

1,2-Dichloroethane 6.2 2.54 4.9E-04 99 5221

1,1-Dichloroethylene 6.5 2.66 1.2E-02 97 215

Trans-1,2-Dichloroethylene 5.6 2.29 4.0E-03 97 571

1,2-Dichloropropane 3.4 1.39 1.0E-03 113 1326

Ethyl benzene 0.8 0.33 3.1E-03 106.2 106

Methyl bromide 10.0 4.09 2.7E-03 95 1521

Methyl chloride 8.1 3.31 7.4E-03 50.5 450

Methylene Chloride 13.0 5.32 1.2E-03 84.9 4307

Toluene 1.1 0.45 3.0E-03 92.1 152

1,1,2-Trichloroethane 6.0 2.45 2.6E-04 133.4 9611

1,1,1-Trichloroethane 7.5 3.07 5.2E-03 133.4 591

Trichloroethylene 8.0 (F) 3.20 3.1E-03 131.4 1029

Vinyl Chloride 3.6 1.47 1.7E-02 62.5 88

LELs assumed 25/C unless noted otherwise.

Source:

1 Pocket Guide to Chemical Hazards, National Institute for Occupational Safety and Health(NIOSH),
DHHS, Pub. No. 99-115,  April 1999.
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DISCHARGE SCREENING LEVELS BASED UPON FUME TOXICITY

Pollutant
Exposure

Limit
  (mg/m3)

Guideline Reference

Henry's Law
Constant
(mg/m3) /
(mg/L)

Discharge
Screening

Level 
(mg/L)

Acrolein 0.69 STEL v (ACGIH) 4.9 0.141

Acrylonitrile 21.7 Ceiling t (OSHA) 4.5 4.822

Benzene 79.8 Ceiling t (OSHA) 228.0 0.350

Bromoform 5 PEL-TWA t (OSHA) 22.8 0.219

Carbon tetrachloride 157.3 Ceiling t (OSHA) 1185.0 0.133

Chlorobenzene 350 PEL-TWA t (OSHA) 151.0 2.318

Chloroethane 2600 PEL-TWA t (OSHA) 449.0 5.791

Chloroform 240 Ceiling t (OSHA) 163.5 1.468

1,1-Dichloroethane 400 PEL-TWA t (OSHA) 240.4 1.664

1,2-Dichloroethane 405 Ceiling t (OSHA) 48.1 8.423

1,1-Dichloroethylene 79 STEL v (ACGIH) 1202.1 0.066

Trans-1,2-Dichloroethylene 790 PEL-TWA t (OSHA) 389.3 2.030

1,2-Dichloropropane 508 STEL v (ACGIH) 118.5 4.288

Ethyl benzene 543 STEL v (ACGIH) 327.0 1.661

Methyl bromide 80 Ceiling t (OSHA) 255.5 0.313

Methyl chloride 414 Ceiling t (OSHA) 371.6 1.114

Methylene chloride 434 Ceiling t (OSHA) 104.8 4.141

1,1,2,2,-Tetrachlorethane 35 PEL-TWA t (OSHA) 18.6 1.884

Tetrachloroethylene 685 STEL v (ACGIH) 717.1 0.955

Toluene 1131 Ceiling t (OSHA) 272.5 4.151

1,1,2-Trichloroethane 45 PEL-TWA t (OSHA) 34.1 1.321

1,1,1-Trichloroethane 2460 STEL v (ACGIH) 692.7 3.551

Trichloroethylene 1074 Ceiling t (OSHA) 408.7 2.628

Vinyl Chloride 12.8 Ceiling t (OSHA) 1048.0 0.012

v = Threshold Limit Values for Chemical Substances and Physical Agents and Biological Exposure
Indices(TLVs and BEIs), ACGIH 1997.

t = 29 CFR 1900.1000, Title 29, Volume 6, Parts 1910.1000 to end, Revised July 1, 1998 Occupational
Safety and Health Administration(OSHA).
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HENRY'S LAW CONSTANTS EXPRESSED IN ALTERNATE UNITS

Pollutant
Henry's Law
Constant(2)

M/atm
@298K(25//C)

Henry's Law
Constant

(atm m3 / mol)

Henry's Law
Constant

(mol/m3 / mg/L)

Henry's Law
Constant

(mg/m3 / mg/L)

Acrolein 8.2 0.00012 0.000087 4.9

Acrylonitrile 9.15 0.00011 0.000084 4.5

Benzene 0.18 0.0056 0.0029 228

Bromoform 1.8 0.00056 23

Carbon Tetrachloride 0.034 0.029 1185

Chlorobenzene 0.27 0.0037 0.0013 151

Chloroethane 0.089 0.011 0.007 449

Chloroform 0.25 0.004 164

1,1-Dichloroethane 0.17 0.0059 0.0024 240

1,2-Dichloroethane 0.85 0.0012 0.00049 48

1,1-Dichloroethylene 0.034 0.029 0.012 1202

Trans-1,2-Dichloroethylene 0.105 0.0095 0.004 389

1,2-Dichloropropane 0.345 0.0029 0.001 119

Ethyl benzene 0.125 0.008 0.0031 327

Methyl bromide 0.16 0.0063 0.0027 256

Methyl chloride 0.11 0.0091 0.0074 372

Methylene Chloride 0.39 0.0026 0.0012 105

1,1,2,2,-Tetrachlorethane 2.2 0.00045 19

Tetrachloroethylene 0.057 0.018 717

Toluene 0.15 0.0067 0.003 273

1,1,2-Trichloroethane 1.2 0.00083 0.00026 34

1,1,1-Trichloroethane 0.059 0.017 0.0052 693

Trichloroethylene 0.1 0.01 0.0031 409

Vinyl Chloride 0.039 0.026 0.017 1048

Source: Compilation of Henry's Law Constants for Inorganic and Organic Species of Potential
Importance in Environmental Chemistry, R. Sanders 1999(version 3); http://www.mpch-
mainz.mpg.de/~sander/res/henry.html.
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2 An alternate procedure or technique maybe used so long as neither samples nor blanks are
contaminated when following alternate procedures.

AA-4

APPENDIX AA - 

MINIMIZING CONTAMINATION

Good Sampling Protocols and Clean Sampling Techniques

Some of the data reported as BDL may be the result of the POTW sampling techniques and chosen
analytical methods.  With the need to accurately detect trace levels of pollutants, POTWs should thoroughly
examine potential sources of gross and trace contamination and select analytical methods that can detect
very low levels of pollutants. EPA has established new performance based2 sampling and analysis methods
(1600 series) for measuring 13 toxic metals in the low ppt to ppb range.   While these methods were
developed for ambient water quality monitoring, POTWs may apply some of the concepts in Method 1669,
Sampling Ambient Water for Determination of Metals at EPA Water Quality Criteria Levels, to improve
the reliability of data collected, potentially even utilizing analytical methods 1631, 1632, 1636-40.

Excerpts from Section 4.2.2. of Method 1669 are provided below.

Minimizing Contamination: Sampling Location, Sampling Equipment and Materials, and Chemicals:

C Where possible, limit exposure of the sample and equipment in areas of higher contamination, e.g.,
downwind from the sludge beds.

C Minimize contact with airborne dust, dirt, particulate matter, or vapors from automobile exhaust;
cigarette smoke; nearby corroded or rusted bridges, pipes, poles, or wires; nearby roads; and even
human breath.  Areas where nearby soil is bare and subject to wind erosion should be avoided.

C Clean the sampling equipment and minimize the time between cleaning of equipment and use.

C Use metal-free equipment, i.e., equipment should be nonmetallic and free of material that may contain
metals of interest.  When it is not possible to obtain equipment that is completely free of the metal(s)
of interest, the sample should not come into direct contact with the equipment.

C Do not use sampling equipment where there are indications that it may not be clean, e.g., sampler
tubing or collection bottle is stained, has not been changed out in some time, was used to collected a
sample of a slug load that hit the WWTP, etc.

C Avoid contamination by carryover.  Contamination may occur when a sample containing low
concentrations of metals is processed immediately after a sample containing relatively high
concentrations of these metals.

C Where possible, do not collect, process, or ship samples containing high concentrations of metals
(e.g., untreated effluents, in-process waters, landfill leachates) at the same time as samples being
collected for trace metals determinations.

C Wear clean, non-talc gloves during all operations involving handling of equipment, samples, and
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Highest Grade Higher Grade High Grade
Antimony <0.01 ppb <0.1 ppb
Arsenic <0.1 ppb <0.3 ppb #4 ppb
Cadmium <0.005 ppb <0.1 ppb
Chromium <.03 ppb #9 ppb #100 ppb
Copper #0.05 ppb <1 ppb #50 ppb
Lead #0.01 ppb <0.3 ppb #.100 ppb
Mercury <0.1 ppb <0.5 ppb
Nickel #0.1 ppb <1 ppb #50 ppb
Selenium <0.5 ppb
Silver <0.005 ppb <0.1 ppb
Thallium <0.005 ppb
Zinc <0.06 ppb <1 ppb #300 ppb

Example lot analyses of metals in Nitric Acid based on
grade of Nitric Acid (SOURCE-FISHER-INTERNET)

blanks.  Change gloves once they have
become contaminated.

C Fluoropolymer (FEP, PTFE),
conventional or linear
polyethylene, polycarbonate,
polysulfone, polypropylene, or
ultrapure quartz are the preferred
materials for coming in contact
with samples.  Fluoropolymer or
glass containers are preferred for
samples that will be analyzed for
mercury because mercury vapors
can diffuse in or out of other
materials, resulting either in
contamination or low-biased
results.

C The following materials have been found to contain trace metals: Pyrex, Kimax, methacrylate,
polyvinyl chloride, nylon, Vycor, highly colored plastics, paper cap liners, pigments used to mark
increments on plastics, and rubber.  It is recommended that these materials not be used to hold
liquids that come in contact with the sample or must not contact the sample.

C Use an appropriate grade of chemicals when prepping equipment/materials and chemically
preserving samples.

Quality Control:

C Serial numbers should be indelibly marked or etched on each piece of Apparatus so that
contamination can be traced, and logbooks should be maintained to track the sample from the
container through the sampling process to shipment to the laboratory.  Chain-of-custody procedures
should be used so that contamination can be traced to particular handling procedures or lab
personnel.

C Equipment blanks should be periodically generated and analyzed to identify contamination that may
result from improper preparation or handling of sampling equipment and bottles in the laboratory. 
Equipment blanks include processing reagent water (i.e., water known not to contain pollutants at
detectable levels) through sampling equipment and sample bottle(s) prior to taking the equipment or
bottle(s) to the field.

C A trip blank should be periodically generated and analyzed to identify incidental contamination that
may occur to sampling equipment/bottles while in transit to and from the sampling location. 
Essential, reagent water is place in a sample bottle prior to going to the field.

C Field blanks should be periodically generated and analyzed to identify contamination that may occur
to sampling equipment/bottles while in the field.  Like equipment blanks, it involves process reagent
water through the sampling equipment/bottle 


